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Reflectivity data derived from the inversion of post-stack seismic data can 
be used to improve the detection and spatial delineation of stratigraphic 
sequences. The enhancement in spatial resolution inherent to post-stack inversion 
can often substantially improve standard delineation results based on seismic 
amplitudes. In this research, a study is described of the use of reflectivity data to 
delineate stratigraphic sequences associated with gas-producing sands in a mature 
basin. Stratigraphic units in the Burgos Basin consist of Oligocene, wave- 
dominated deltaic sequences within delta front and prodelta facies. Post-stack 
reflectivity data helped to define the lateral continuity of coast-parallel sand 
 viii
bodies deposited by wave action and reworking of sediments supplied by the 
ancient Rio Grande. 
An attempt was made to discriminate high-porosity, clean sands from 
shaly sands within a given sand unit. This was done using reflectivity data derived 
from pre-stack inversion. Extensive petrophysical analysis confirmed that pre-
stack inversion could provide a quantitative method that discriminates high-
quality from low-quality sands. In particularly favorable situations, pre-stack 
inversion results could even help to discriminate between water and gas. Pre-stack 
inversion yielded angle-dependent reflectivities as well as density, P-wave and S-
wave velocities. Transformations of these properties into Lamé’s lambda*rho and 
mu*rho parameters were also explored to assess the influence of shale volume, 
total porosity, and rock type within sand and shale units delineated by post-stack 
inversion. Spatial delineation of sand units is presented near two key exploration 
wells. Success in the location of development wells is significantly constrained by 
the spatial delineation of reservoir units. 
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Chapter 1 
Introduction 
 
1.1 PURPOSE AND OBJECTIVES 
Exploration for gas reservoirs in mature basins often requires specialized 
geophysical techniques. Understanding heterogeneity in potential gas reservoirs 
provides opportunities for locating additional reserves in mature plays such as the 
Vicksburg Formation in the Burgos Basin. Quantitative modeling techniques can 
be effective in accomplishing such objectives. 
Gas reservoirs in Vicksburg sedimentary sequences often cannot be fully 
characterized with seismic data because spatial discontinuity, thickness, and 
structural complexity do not permit resolution of the stratigraphic units. Seismic 
resolution depends on seismic source characteristics and earth layer responses that 
produce reflection coefficient series (Castagna and Backus, 1993). For seismic 
reflection of compressional waves (P) at normal incidence, seismic amplitudes are 
caused by contrasts in acoustic impedance (density times velocity). In 
multichannel seismic data, oblique reflections are recorded, and they are affected 
by mode conversions from P-waves to S-waves (Ostrander, 1984); Amplitude 
versus angle (AVA) behavior exhibited by seismic reflection events depends on 
contrasts in S impedance (Vs-ρ) as well as P impedance (Vp-ρ) (Connolly, 1999). 
AVA methodology can be used as a direct hydrocarbon indicator (DHI) and, in 
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some cases, as a lithology discriminating tool, because gas reservoirs usually have 
specific characteristics of Vp/Vs ratio (Tatham and Stoffa, 1976), elastic 
parameters, and amplitude versus angle behavior. 
Reflectivity data derived from seismic inversion are useful because 
wavelet effects have been reduced and should be used to better position 
exploration and development wells. Reflectivity maps may often delineate the 
stratigraphic features better than do ordinary seismic maps.  
This project intends to provide a methodology to model potential gas 
reservoirs in the Vicksburg Formation in the Burgos Basin. Thus, the lateral and 
vertical seismic resolution is enhanced to define the boundaries of the 
stratigraphic bodies and to predict fluid content in sands using reflectivity data 
from post-stack and pre-stack inversion.  
The objectives of this study are: (1) enhanced lateral and vertical seismic 
resolution in gas reservoirs, (2) stratigraphic analysis of reflectivity data derived 
from post-stack inversion to delineate the spatial continuity of gas reservoirs, (3) 
extraction of porosity and reservoir properties, (4) lithology and fluid 
discrimination by Lamé’s petrophysical parameters (lambda*rho and mu*rho) 
derived from stratigraphic analysis of reflectivity data from pre-stack inversion, 
and (5) facies architecture modeling of gas reservoirs. 
 
1.2 LOCATION OF STUDY AREA 
The Burgos Basin is the principal, non-associated, gas-producing basin in 
México. Hydrocarbon exploration in the basin began in the 1920’s with the 
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discovery of gas and condensate reservoirs of Eocene age. The Oligocene 
Vicksburg Formation includes prolific oil and gas reservoirs in Texas and 
México; it has yielded more than 300 Tcf of gas since production began in the 
1940’s. (Corpus Christi Geological Society, 1968; Sandoval-Cambranis, 1969; 
Yzaguirre, 1969; Rodríguez-Santana, 1969; Busch, 1973, 1975; González-García, 
1976; Echánove-Echánove, 1976, 1986; Kosters et al., 1989; Combes, 1990; 
Coleman and Galloway, 1990; Langford et al., 1992). 
The Burgos Basin is located in northern México, covers some 50,000 
square kilometers, and is the southern continuation into México of the Rio Grande 
Embayment. It is bounded by the Rio Grande to the north, the Tamaulipas arch to 
the south, the Sierra Madre Oriental to the west, and the Gulf of México to the 
east. The area of this study is located in the north-central portion of the Burgos 
Basin (Figure 1.1) and covers an area of approximately 450 square kilometers, 
including the Misión, Cañón, and Lomitas fields, which are located in the 
Oligocene hydrocarbon trend. 
 
1.3 METHODOLOGY 
The methodology used in this research involved six main steps:  
1. Structural Framework Definition 
2. Vicksburg Stratigraphic Units Definition 
3. Petrophysical Analysis of Reservoir Intervals 
4. Stratigraphic Analysis of Reflectivity Data from Post-Stack Inversion 
5. Stratigraphic Analysis of Reflectivity Data from Pre-Stack Inversion 
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6. Facies Architecture Delineation and Interpretation 
 
1.3.1 Regional Structural Framework Recognition 
The regional structural framework, based on a broad regional seismic grid 
including two dip regional transects, illustrates the structural styles of the Burgos 
Basin. Each line is a composite of several seismic lines and is presented as a 
continuous profile. 
 
1.3.2 Vicksburg Stratigraphic Units 
Six stratigraphic units were defined based on flooding surfaces within the 
Oligocene in the Vicksburg Formation within a 3D survey area. The identification 
of six stratigraphic units was fundamental to understanding the structural and 
stratigraphic environments of the reservoirs. 
 
1.3.3 Petrophysical Analysis at Reservoir Interval 
Petrophysical analysis of in twelve key wells allowed assessment of the 
effect of compaction, fluid content, sand/shale ratio, and saturation. The results 
were calibrated against core analysis. Petrophysical analysis was useful to 
discriminate high-porosity, clean sands from shaly sands within a given unit. 
Petrophysical analysis confirmed that pre-stack seismic inversion could help to 
quantitatively discriminate high-quality sands from low-quality sands. 
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1.3.4 Stratigraphic Analysis of Reflectivity Data from Post-Stack Inversion 
Post-stack seismic inversion was useful to increase the resolution of 
reflectivity data and helped to model the stratigraphic units. Post-stack reflectivity 
data also helped to define the lateral continuity of coast-parallel sand bodies 
deposited by wave action and reworking of sediments supplied by ancient Rio 
Grande systems. 
 
1.3.5 Stratigraphic Analysis of Reflectivity Data from Pre-Stack Inversion 
Pre-stack seismic inversion helped to discriminate between lithology and 
fluids in reservoirs. Pre-stack seismic inversion also yielded angle-dependent 
reflectivities, density, and P-wave and S-wave velocities. Parameter 
transformations of these properties into Lamé’s lambda and mu constants were 
also explored to assess shale volume, total porosity, and fluid type within sand 
units delineated with post-stack inversion. 
 
1.3.6 Facies Architecture Interpretation 
Facies architecture imaging was based on amplitude maps extracted from 
seismic data and reflectivity data derived from post-stack and pre-stack 
inversions. The computation of Lamé’s petrophysical parameters played an 
important role in lithology discrimination and rock quality assessment as well. 
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1.4 DIGITAL DATASET 
The data set available for this research consists of 120 wells (Appendix A) 
distributed mostly over three major gas fields; complete sets of conventional logs 
from these wells, a 3D P-wave seismic survey covering 450 km2 (Figure 1.2); 
twelve zero-offset VSP surveys; well testing data; and twelve recently drilled 
wells with a complete set of borehole logs, including core data, biostratigraphic 
data, and full wave dipole-sonic logs. The complete dataset belongs to Petróleos 
Mexicanos (PEMEX) and was made available for this dissertation. 
The following section describes the characteristics of the dataset used in 
this study. 
 
1.4.1 3D Seismic Data  
Three dimensional P-wave seismic data in this study are part of survey 
“Misión-Lomitas-Tinta”  survey and cover 450 km2. These data were acquired by 
PEMEX in 1999 using the following acquisition parameters (Table 1.1). 
 
Seismic Resolution 
Seismic resolution is critical in stratigraphic and reservoir studies (Sheriff, 
1985; Brown, 1999). Good seismic resolution should allow mapping of specific 
features based on an observed seismic event. For a bed to be resolved by seismic 
data, a distinct event must occur at the top and the bottom of a given layer 
(Sheriff, 1985).  In principle, seismic resolution is either vertical or horizontal. In 
practice, vertical  resolution  is  computed  by  the  limit  of  separation  (Rayleigh  
 8 
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Table 1.1 Acquisition parameters in the 3D P-wave survey across Misión-Lomitas-
Tinta. 
Parameter Type/Value 
Nominal fold 30 fold 
Energy source Vibroseis 
Sweeps in VP 10 sweeps 
Sweep length 12 seconds 
Record length and sample interval 6 seconds/2 milliseconds 
Bandwidth sweep 10-90 Hertz 
Sweep type Non linear +3 db/oct 
Sweep taper 200 milliseconds 
Source pattern 
4 Vibroseis-13 meters-10 seconds-4 
meters 
Receiver pattern 6 receivers/20 meters 
Field filters 3-135 Hz. ½ Nyq. Min 
Bin size 20 meters x 20 meters 
Receiver station spacing 40 meters 
Source station spacing 40 meters 
Receiver line spacing 400 meters 
Source line spacing 400 meters 
Number of receiver lines in patch 10 receiver lines 
Active channels in line 132  channels 
Active channels in patch 1320  channels 
Number of VP’s in km2 ~57 
Minimum offset/maximum 620 meters/3421 meters 
Inline offset 2620 meters 
Crossline offset 2180 meters 
Inline taper 1100 meters 
Crossline taper 800 meters 
 
 
 
 10
limit), which has a value of ¼ of the dominant wavelength (λ). The dominant 
wavelength is determined by the ratio of average velocity to frequency. In Table 
1.2 the Rayleigh limit has been computed in wells S-1 and K-1. 
 
1.4.2 Vertical Seismic Profiles (VSP) 
Twelve zero-offset vertical seismic profiles (VSP) are available for the 
following wells: Ind-1, Em-1, A-1, S-1, S-2, K-1, Gal-1, Gali-1, Ec-1, Mac-1, 
Dra-1, and M-1001 (see velocity tables and time-depth graphs in Appendix B). 
 
1.4.3 Well Logs  
Most of the wells have conventional logs such as caliper, spontaneous 
potential (SP), gamma ray (GR), density-porosity (DPHI), bulk density (RHOB), 
porosity-sonic (BHC), neutron-porosity (NPHI), and resistivity (ILM and ILD) 
logs. The data quality and quantity permit stratigraphic and structural correlations. 
Eleven wells have a complete set of well logs, including dipole sonic profiles 
(DSI): Ind-1, Em-1, A-1, S-1, K-1, Gal-1, Gali-1, Ec-1, Mac-1, Dra-1, and M-
1001. Some wells have cores from gas reservoirs of specific interest (see table of 
cores in Appendix C). 
 
1.4.4 Production Data 
The Vicksburg Formation contains prolific oil and gas reservoirs (Corpus 
Christi Geological Society, 1968; Sandoval-Cambranis, 1969; García del Angel, 
1969; Yzaguirre, 1969; Rodríguez-Santana, 1969;  Busch, 1973, 1975;  González- 
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POROSITY VOLUME 
OF SHALE 
GROSS 
SAND 
NET 
SAND 
LAMBDA [m] RAYLEIGH 
RESOLUTION 
[%] [%] [m] [m] FREQUENCY 
[Hz] 
LIMIT [m] 
WELL 
        VELOCITY 
[m/s] 
  
FLUID  
          125    meters     
S-1 19.40% 1% 95 meters 81    
meters 
20      Hertz 31.25  meters YES 
          2500  m/s     
          115    meters     
K-1 15% 20% 70 meters 18.3 
meters 
20      Hertz 28.3   meters NO 
          2300  m/s     
 
 
 
 
 
 
 
 
 
Table 1.2 Vertical resolution computed in the two interest intervals from wells S-1 
and K-1. 
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García, 1976; Echánove-Echánove, 1976, 1986; Pérez-Cruz, 1992; Eguiluz et al., 
2001). To date, the Vicksburg Formation has produced more than 300 Tcf of gas 
in the Burgos Basin since production began in the 1940’s. 
Cumulative production data from major fields and recently drilled wells 
was made available for this study (see production tables in Appendix D). 
 
1.5 GEOLOGICAL SETTING 
During the Cenozoic a thick sedimentary wedge was deposited in the 
Burgos Basin. Clastic sediments within this wedge range from conglomerates to 
shales and also include some beds of volcanic ash, and tuffs (Busch, 1973; 
González-García, 1976; Pérez-Cruz, 1992; PEMEX, 1994). 
The three major depocenters in the Gulf Coast Basin, including northern 
México, are the Rio Grande Embayment, the Houston Embayment, and the 
Mississippi River Embayment (Figure 1.3) (Winker, 1982; Galloway, 1989a, 
1989b; PEMEX, 1993). 
 
1.5.1 Structure 
 In the Tertiary Burgos Basin more than 10,000 meters of Cenozoic 
sediments record periods of regional extension and shale flowage. During the 
Cenozoic, the uplift of the Rocky Mountains increased clastic sedimentation 
within an overall eastward progradation in the northwestern Gulf of México 
(Winker, 1982; Galloway, 1989a,b; Pérez-Cruz, 1992; Hernández-Mendoza, 
2000).  These   clastic   sequences   prograded   over   the    Cretaceous  carbonate  
 13 
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platform margin and include a fluvial to inner deltaic massive sand facies, a 
deltaic plain to prodeltaic facies, a neritic sand facies with interbedded shales, and 
a massive, outer neritic and bathyal, dominantly shaly, facies with some turbiditic 
sands (Winker 1982; Bally, 1989).  
The Lower Oligocene Vicksburg deltaic deposits are involved in complex 
structures characterized by numerous growth faults (Busch, 1975) and shale 
diapirism. Progradational deltaic deposition associated with faults resulted in 
rotated and subsiding sedimentary wedges; thus rotation and expansion of the 
section along growth faults controlled the thickness of the deltaic deposits 
(Langford and Combes, 1994). Sediments are thickest close to the glide-plane 
contact and thin down depositional dip. Connecting the major growth faults of the 
Vicksburg sediments is a detachment surface that dips gently eastward, which has 
been referred to as a glide plane (Han, 1981; Han and Scott, 1981; Berg and 
Habeck, 1982; Bruce, 1983; Hastings, 1984; Hill et al., 1991; Langford and 
Combes, 1994; Whitbread et al., 2001). 
The Vicksburg Formation was deposited on a shelf-margin (Figure 1.4), 
and shares its characteristics with other deltaic sequences built on unstable 
substrates (Edwards, 1980; Straccia, 1981; Suter and Berryhill, 1985; Mayall et 
al., 1992). Shelf-margin deltas have a distinctive depositional style that contrasts 
with deltas deposited in stable tectonic environments (Sutter and Berryhill, 1985; 
Mayall et al., 1992). 
Shelf-margin deltaic deposits are economically important hydrocarbon 
reservoirs involved in combined  structural and stratigraphic traps that   developed  
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during contemporaneous deformation and deposition. Therefore, it is important to 
know the style of deposition in shelf margins for locating and producing 
hydrocarbons. 
 
1.5.2 Vicksburg Petroleum System 
The Vicksburg Formation petroleum system can be characterized as 
follows: 
- Source rock from the Midway and Wilcox Formations is composed of 
marine shales with total organic carbon (TOC) ranging from 0.1% to 
1.5%, Ro from 0.5% to 1.9%, and Hydrogen Index varying from 100 to 
150, (Eguiluz et al., 2001; PEMEX, 2002). 
 
- The reservoir rock is characterized by deltaic sandstones with porosities 
ranging from 12% to 28% and net thickness from 8 to 40 meters (Eguiluz 
et al., 2001; PEMEX, 2002). 
 
- The traps are associated with anticlines related to growth faults and 
rollovers on the detachment sites of the faults, where the seal is marine 
shales (Eguiluz et al., 2001; PEMEX, 2002). 
 
- Timing and migration: The Paleocene started hydrocarbon generation at Early 
Eocene (48 ma), and the Wilcox Eocene started in the Middle Eocene. 
 17
Therefore, the best synchrony is in the Vicksburg play itself (Eguiluz et 
al., 2001; PEMEX, 2002). 
 
1.5.3 Oligocene Stratigraphy and Biostratigraphy 
Four Oligocene stratigraphic units are clearly identified in the Burgos 
Basin: the Norma Conglomerate and the Vicksburg, Frio, and Anahuac 
Formations (Figure 1.5). They were deposited during two major transgressive-
regressive cycles. In the following, condensed descriptions of the Oligocene 
stratigraphic units are summarized in tables 1.3 to 1.5. 
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Lithostratigraphic Unit Vicksburg Formation 
Lithology Shales and siltstones with some 
intercalations of fine sand 
Thickness Varies from 0  to more than 3,000 m. 
Distribution Widespread along north-south-oriented 
elongated depocenters 
Stratigraphic relationships Conformably overlies Eocene rocks and 
underlies the Norma Conglomerate and 
Frio Formation to the west and east, 
respectively 
Fossil content Globigerina ampliapertura biozone (Figure 
1.6) 
Depositional environment Deep marine basin (outer neritic-upper 
bathyal); Textularia warreni, Cibicides 
mexicana (Cavazos-Prado, 1969). 
 
 
 
 
 
 
 
 
 
 
 
Table 1.3 Lower Oligocene (Vicksburg Formation). 
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Table 1.4 Middle Oligocene (Norma Conglomerate and Frio members). 
Continental facies: Norma Conglomerate 
Marginal facies: Frio Formation (non-marine member) 
Lithostratigraphic 
Units 
Marine facies: Frio Formation (marine member) 
Continental facies: Conglomerate formed by fragments up 
to 40 cm in diameter derived from igneous and 
sedimentary rocks. 
Marginal facies: Shales and sands. 
Lithology 
Marine facies: Silts, and shales with some sands. 
Norma Conglomerate: Varies from 0 to 300 meters. 
Frio Formation (marginal facies): Varies from 0 to more 
than 2,000 m. 
Thickness 
Frio Formation (marine facies): Varies from 0 to more 
than 1,000 m. 
The Norma Conglomerate is present along a narrow 
north-south band that extends east to the McAllen-
Reynosa fault system. The non-marine member of the 
Frio Formation extends further east to the 18 de Marzo 
fault system, intertonguing with the marine member. 
Distribution 
The marine member is expected to be present under the 
Tamaulipas shelf (offshore) beneath thick Miocene 
deposits. The Norma Conglomerate unconformably 
overlies rocks of the Vicksburg and intertongues with the 
non-marine member of the Frio Formation. The non-
marine member overlies deposits of the Vicksburg 
Formation and intertongues with the marine member 
deposits. 
Fossil content Oognids of Chara, Ostracoids, Cibicides hazardii, 
Marginulina texana, and Nodosaria blanpiedi biozones  
(Cavazos-Prado, 1969) 
Depositional 
environment 
Continental to deep marine basin. 
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Lithostratigraphic unit Anahuac Formation 
Lithology Siltstones and shales with minor proportion of fine 
sandstones 
Thickness From 0 to about 1,000 m 
Distribution Widespread-present to the east of the McAllen-
Reynosa fault system, becoming thicker eastward. 
Fossil content Discorbis nomada (Discorbis biozone); Elphidium 
rota, Heterostegina texana, and Bolivina perca 
(Heterostegina biozone), Marginulina idiomorpha, 
Marginulina mexicana, and Marginulina howei 
(Marginulina biozone) (Cavazos-Prado, 1969). 
Depositional 
environment 
Shallow marine 
 
 
 
 
 
 
 
 
 
 
Table 1.5 Upper Oligocene (Anahuac Formation). 
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Chapter 2 
Structural and Stratigraphic Environments of Natural Gas 
Reservoirs in the Vicksburg Flexure Expanded Sediments in the 
Burgos Basin, Northern México 
2.1 INTRODUCTION 
Gas reservoirs in the Vicksburg Formation in the Burgos Basin, northern 
México, are highly productive down-dip of growth faults. The gas fields trend 
north-south and display growth faults, counter-regional faults, dip-reversal, and 
low-angle detachments as their structural characteristics (Busch, 1973, 1975; 
Pérez-Cruz, 1992; Kosters et al., 1989; PEMEX, 2002). 
 This chapter analyzes the regional structural and stratigraphic framework 
of the Burgos Basin based on the interpretation of two dip-oriented seismic 
transects and a detailed study of the 3D survey acquired over the major gas fields, 
Misión (47.1 Tcf) and Lomitas (49.6 Tcf) (See Appendix D, Table D.2). 
 
2.2 REGIONAL STRUCTURAL FRAMEWORK 
The Vicksburg Formation of the Burgos Basin is affected by numerous 
growth faults and post-depositional faults (Busch, 1975, PEMEX, 1994, 2002). 
The sediment thickness expands greatly into the growth fault zone, and structural 
features become more complex with increasing depth. 
Progradation of deltas across an unstable shelf margin occurred during 
Early Oligocene time. The progradation was associated with syndepositional 
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faulting, eastward movement of undercompacted Jackson Formation shales, and 
the formation of complex salt structures. Thus the accommodation space 
necessary to deposit large amounts of sediment was created (Fisher, 1969; Fisher 
et al., 1969; Picou, 1981; Winker and Edwards, 1983). Structural closures formed 
in rollover anticlines segmented by faults associated with growth faulting. Growth 
faults are curvilinear in map view, with the orientation slightly north-south and 
continuous over several kilometers; in a regional context they form a series of 
sub-parallel structural blocks of sediments. These blocks have been identified 
from west to east as Becerro, McAllen-Reynosa, Altamirano, Brasil, and 18 de 
Marzo (Busch, 1973, 1975; González-García, 1976; Echánove, 1976, 1986). The 
study area presented here is within the Becerro block (Figure 2.1). To show the 
structural behavior of the Cenozoic units, I interpreted two dip-oriented seismic 
profiles across the Burgos Basin.  
 
2.2.1 Seismic Transect I 
Seismic transect I is oriented northeast-southwest and is 220 km long 
(Figure 2.2). The western portion of this seismic transect depicts the structure of a 
region located 60 km northeast of Monterrey City, near the Sierra Madre Oriental 
frontal ranges; it shows a general shallowing and folding of the basement in 
response to Laramide compressional deformation. The Upper Jurassic and 
Cretaceous thicken toward the southeast. In the western portion of this seismic 
line, a broad, symmetric, basement-involved anticline can be observed, where the 
Refinería-1 well  was  drilled;  toward  the  east,  other  minor  basement-involved  
 25 
Figure 2.1 Structural compilations for South Texas and Northern Mexico, showing 
the spatial distribution of fields and fault systems at 1.5 seconds of 
two-way time. Five structural blocks have been defined, each 
bounded by growth faults that are continuous and follow a curvilinear 
pathway. (Modified from PEMEX, 1994). 
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folds are present along a gentle monocline where the Upper Jurassic units are very 
thin. 
Proceeding eastward between CDP’s 3000 and 5000, transect I shows a 
system of basinward dipping growth faults associated with a dramatic expansion 
of the Paleocene section. These growth faults merge into a decoupling level on the 
top of Cretaceous and affect the overlying stratigraphic units. A large, highly 
rotated fault block is observed in Pamorana Nte.-1 well. The variation in the 
structural style may be due to an increase in basinward dip of the top Cretaceous, 
which is not likely, as that would rotate the Mesozoic. The increased dip in the 
Cretaceous may be purely a velocity effect.  
In the easternmost portion of this line, within the 3D study area, the main 
growth fault system of the Lower Oligocene Vicksburg Formation is highly 
rotated and expanded. In this portion of the line, the decoupling level is near the 
base of the Jackson Formation.  
 
2.2.2 Seismic Transect II 
Seismic transect II is a composite regional seismic profile that is 480 km 
long (Figure 2.3), from the Vaquerías anticline in the west, to the continental 
slope of the Tamaulipas shelf in the east. Mesozoic units in the west portion of 
this seismic transect are gently folded and cut by basement-involved thrusts. 
These structures tend to increase in depth toward the east. Down-to-the-basin 
growth faults, between CDP’s 9000 and 6000 that cut Paleocene, Eocene, and 
Oligocene  units   can   be  identified   and   appear  to   converge   on  the   top  of  
 28 
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Cretaceous. These thrusts may define a compressional regime characterizing post-
Oligocene tectonics. 
Between CDP’s 6300 and 5500, there is a structural block where the 
Tenampa-1 and Argentina-1 wells were drilled, bounded on the west by a low-
angle growth fault with an associated rollover anticline and a counter-regional 
fault in the east. 
The Paleogene structural style of deformation changes drastically toward 
the east, close to the coast line. Synthetic normal faults become more closely 
spaced, reflect activity during the Miocene, and apparently detach within the 
Eocene units. Further east, there is a collapsed anticline where the Neptuno-1A 
well was drilled. This fold is characterized by normal faulting and stratal rotation, 
associated with shale mobilization and salt withdrawal. The easternmost portion 
of this seismic transect is characterized by a series of deep troughs, mainly filled 
with Miocene-Pliocene sediments separated by salt intrusions associated with an 
allochthonous salt mass. 
 
2.2.3 Growth Fault Patterns in South Texas and Northern México 
Differences between growth fault patterns in South Texas and northern 
México can be illustrated by the seismic profiles displayed in Figure 2.4. Seismic 
profile A is from onshore South Texas and seismic profile B is from onshore 
northern Mexico. The first profile shows a growth fault with a shallow low-angle 
detachment, and the second profile shows a tilted growth fault system with a deep  
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detachment. The difference in growth fault pattern was caused by the uplift of the 
Mexican Plateau in post-Oligocene times. 
 
2.2.4 Reservoir Structural Habitat 
Vicksburg gas reservoirs in the Burgos Basin are highly productive. The 
largest fields include Cuitláhuac, Pascualito, Lomitas, Misión, and Polvareda (see 
gas reserves in Appendix D, table D.2). 
The rapid deposition of sediments triggered syndepositional growth 
faulting at shelf margins associated with salt and shale mobilization. Growth 
faults have been studied by many authors, including investigations of triggering 
mechanisms of fault motion by Currie (1956), Bruce (1972), Busch (1975), and 
Galloway (1986a,b), clay models by Cloos (1968), and the relationship between 
growth faulting and shelf margins by Winker (1982), Diegel et al. (1995), and 
Peel et al. (1995). 
In general, growth faulting leads to an expanded stratigraphic section and 
horizontal displacements greater than vertical displacements. Galloway (1986b) 
recognized three growth-fault patterns that form in response to the depositional 
and structural setting: (1) a growth fault pattern associated with rapidly 
prograding major deltaic headlands in which the faults are closely spaced; (2) a 
growth fault pattern associated with prograding interdeltaic margins; and (3) a 
growth fault pattern associated with gravity-glide (Diegel et al., 1995). 
Major gas reservoirs in the Burgos Basin are related to curvilinear and 
linked growth fault systems. Varying delta morphologies occur in the Vicksburg 
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sediments as a result of the interaction between progradation, subsidence, and 
marine reworking. 
 
2.3 ANALOGUE RESERVOIRS WITH SOUTH TEXAS 
Some gas fields on the downdip side of the Vicksburg Flexure; for 
example, McAllen Ranch, Javelina, and East McCook fields in Texas (Hastings, 
1984; Kosters et al., 1989; Hill et al., 1991; Langford et al., 1992; Langford and 
Combes, 1994), and Cuitláhuac field in México (PEMEX, 2002), lie within the 
same growth-fault trend; therefore, structural setting and trapping mechanisms 
may be compared. Other analogous fields that share the same structural block are 
Misión, Cañón, and Lomitas fields located in México, which are on trend with the 
Monte Christo field in Texas (PEMEX, 2002) 
Vicksburg reservoirs in the Burgos Basin exhibit common stratigraphic 
characteristics similar to those in South Texas. Major flooding surfaces that define 
the Vicksburg stratigraphy can be interpreted and correlated on both sides of the 
Rio Grande, and the producing intervals in the South Texas fields can be 
identified in the same stratigraphic sequence intervals of the Burgos Basin 
(PEMEX, 2002). 
 
2.4 STRATIGRAPHIC UNITS 
The Vicksburg Formation in the Burgos Basin is a lower Oligocene clastic 
sequence that underlies the Frio Formation; deposition of the Vicksburg 
Formation marks the initiation of coarse sediments from the Sierra Madre 
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Oriental that produces a regional progradational pattern (Rainwater, 1964; Hardin, 
1967; Loucks, 1978). 
 The Vicksburg Formation is extremely complex because it slides on the 
unstable shales of the Jackson Group. In this study, a stratigraphic framework was 
performed by the identification and correlation, based on flooding surfaces, of six 
stratigraphic units, named A to F, within the Vicksburg Formation; these units are 
constrained to fault-bounded, structurally-defined provinces. The stratigraphic 
framework is similar between South Texas and northern México because the 
major flooding surface marker horizons that define Vicksburg stratigraphy in the 
Burgos Basin can be correlated north into Texas, as shown on the type log (Figure 
2.5). Furthermore, the producing intervals in the South Texas fields were 
identified and assigned to the equivalent genetic stratigraphic intervals of the 
Burgos Basin. The depositional architectures of delta-flank, shoreface, and beach 
ridge facies as well as delta-mouth-bar and distributary channels facies in the 
Texas Vicksburg reservoirs are also comparable to those in the Burgos Basin, 
(PEMEX, 2002).  
Well correlation analysis and detailed seismic interpretation were done 
across the 3D survey. In this study, I focused on sequences D and E, which 
involve the main reservoirs down-dip growth faults in the southern portion of the 
3D survey. In Figure 2.6 a dip-oriented well correlation transect A-A´ through the 
growth fault is shown with the distribution of the interpreted stratigraphic 
sequences. The datum in the well correlation transect is the sequence boundary 30 
ma, which represents a substantial intraformational unconformity within  the  Frio  
 34 
Figure 2.5 Log type showing the stratigraphic units and major flooding surfaces 
that define Vicksburg stratigraphy in South Texas, (A) and correlated 
in the Burgos Basin (B). 
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Formation that was recognizable on the seismic data. The expansion of the 
stratigraphic sequences in the down-dip direction due to the effect of the growth 
fault is clear. 
 
2.5 3D SEISMIC INTERPRETATION 
Detailed seismic interpretation was performed on the seismic volume with 
a Silicon Graphics® workstation using Seisworks® interactive interpretation 
software by correlating the sequence boundaries defined in boreholes and 
identifying the master growth fault in the west portion of the area. The inlines, 
north-south oriented, represent strike direction, and the crosslines, east-west 
oriented, show the dip direction.   
 
2.5.1 Methodology 
The methodology used to interpret the seismic volume involves six steps: 
1. Load seismic data in SEGY format files into workstation 
2. Load well logs in .las format and tops in ASCII format in Seisworks® 
3. Tie wells to seismic data with synthetic seismograms 
4. Identify faults in the area using dip, strike, and random lines, as well as 
time slices 
5. Pick seismic horizons across the whole survey 
6. Map reflecting horizons. 
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2.5.2 Crossline 200 
Crossline 200 is a dip-oriented seismic transect extracted from the 
southern portion of the 3D seismic volume. The structural seismic section shows 
the interpretation of sequences A to F of the Vicksburg Formation interval. The 
sedimentary sequences are affected by normal faults, which regionally create 
down-dip eastward expansion of sediments. Unconformity surfaces covered by 
thick muddy units provide good seals for gas traps (Figure 2.7). 
 
2.5.3 Inline 1700 
Inline 1700 is a strike-oriented seismic line extracted from the center of 
the 3D survey (Figure 2.8). This section shows the vertical distribution of the 
sequences from south to north. A listric master fault is interpreted with a low- 
angle detachment level located between the base of the Vicksburg Formation and 
the top of the Jackson Formation. The sequences are expanded close to the fault, 
suggesting contemporaneous fault movement and sediment supply. 
 
2.5.4 Time Slice Analysis 
Time slice sequence analysis is shown in Figure 2.9 A, B, and C. Figure 
2.9 A corresponds to a structural map on a time surface from 1000 ms of two-way 
time, B shows a time slice extracted from 2000 ms of two-way time and C 
displays a time slice from 2700 ms of two-way time. A master growth fault in the 
west portion of the area is a dominant feature in all of the slices. This growth fault 
trends  northeast-southwest  and   branches  in  the   northern  portion  to  increase  
 38 
Fi
gu
re
 2
.7
 D
ip
 o
rie
nt
ed
 c
ro
ss
lin
e 
 2
00
. (
A
) 
Se
is
m
ic
 p
ro
fil
e 
w
ith
ou
t i
nt
er
pr
et
at
io
n.
 (
B
) 
In
te
rp
re
te
d 
lin
e 
ac
ro
ss
 m
ai
n 
an
tic
lin
e 
pr
od
uc
tio
n 
tre
nd
. 
Th
e 
gr
ow
th
 f
au
lt,
 i
n 
re
d,
 e
xp
an
ds
 t
he
 V
ic
ks
bu
rg
 s
eq
ue
nc
es
. 
Th
e 
do
tte
d 
pu
rp
le
 li
ne
 sh
ow
s t
he
 p
os
iti
on
 o
f t
he
 e
xt
ra
ct
ed
 ti
m
e 
sl
ic
e.
 (C
) U
ni
nt
er
pr
et
ed
 ti
m
e 
sl
ic
e.
 (D
) T
im
e 
sl
ic
e 
at
 
20
00
 m
ill
is
ec
on
ds
 o
f 
tw
o-
w
ay
-ti
m
e 
sh
ow
in
g 
th
e 
no
rm
al
 f
au
lt 
sy
st
em
 a
s 
w
el
l 
as
 t
he
 m
ai
n 
st
ru
ct
ur
al
 
ch
ar
ac
te
ris
tic
s:
 a
nt
ic
lin
e 
sh
ad
ow
ed
 in
 y
el
lo
w
 a
nd
 sy
nc
lin
es
 in
 g
re
en
. 
 39 
Fi
gu
re
 2
.8
 S
tri
ke
-o
rie
nt
ed
 in
lin
e 
17
00
. (
A
) 
Se
is
m
ic
 p
ro
fil
e 
w
ith
ou
t i
nt
er
pr
et
at
io
n.
 (
B
) 
In
te
rp
re
te
d 
lin
e 
sh
ow
in
g 
th
e 
lis
tri
c 
no
rm
al
 f
au
lt 
af
fe
ct
in
g 
th
e 
V
ic
ks
bu
rg
 s
eq
ue
nc
es
 d
ef
in
ed
 i
n 
th
is
 s
tu
dy
. 
Th
e 
do
tte
d 
pu
rp
le
 l
in
e 
sh
ow
s 
th
e 
po
si
tio
n 
of
 th
e 
ex
tra
ct
ed
 ti
m
e 
sl
ic
e.
 (C
) U
ni
nt
er
pr
et
ed
 ti
m
e 
sl
ic
e 
at
 2
00
0 
m
s. 
(D
) I
nt
er
pr
et
ed
 
tim
e 
sl
ic
e 
sh
ow
in
g 
th
e 
st
ru
ct
ur
al
 f
ea
tu
re
s. 
Th
e 
gr
ow
th
 f
au
lt 
pa
th
, 
in
 t
he
 c
en
te
r 
of
 t
he
 s
lic
e,
 i
s 
cu
rv
ili
ne
ar
. 
 40 
Figure 2.9A Time slice at 1000 ms of two-way time. This time slice shows the 
structural characteristics found in the study area as two way time 
increases. In general, growth fault system is displayed in curvilinear 
patterns, oriented NNE-SSW. The master growth fault is branched in 
the north portion of the survey, increasing the structural complexity. 
Narrow and elongated anticlines are present, and a wide syncline in 
the south portion of the area represents a local depocenter. 
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Figure 2.9B Time slice at 2000 ms of two-way time and. This slice shows the 
structural characteristics found in the study area as two-way time 
increases. In general, growth fault system is displayed in curvilinear 
patterns, oriented NNE-SSW. The master growth fault is branched in 
the north portion of the survey, increasing the structural complexity. 
Narrow and elongated anticlines are present, and a wide syncline in 
the south portion of the area represents a local depocenter. 
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Figure 2.9C Time slice at 2700 ms of two-way time. High amplitude anomalies 
up-dip growth fault are present. This slices shows the structural 
characteristics found in the study area as two-way time increases. In 
general, growth fault system is displayed in curvilinear patterns, 
oriented NNE-SSW. The master growth fault is branched in the north 
portion of the survey, increasing the structural complexity. Narrow 
and elongated anticlines are present, and a wide syncline in the south 
portion of the area represents a local depocenter. 
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structural complexity. A narrow, long anticline exists down-dip of the growth 
fault, and a wide, broad syncline is observed just eastward in that area. Up-dip 
growth fault can be seen high-amplitude structures at time slice 2700 ms as 
potential gas traps placed in over-pressured sediments. 
 
2.5.5 Isochron map of 32.4 ma sequence boundary 
The isochron map of 32.4 SB represents the top of the Vicksburg 
Formation in two-way time or 32.4 ma sequence boundary. In this map, the 
behavior of the top Vicksburg seismic marker can be seen where the master fault 
plays an important role in the change in thickness between the up-dip and down-
dip growth fault. The time variation of this seismic reflector varies from 800 ms 
in the up-dip growth fault to 2500 ms in the down-dip growth fault in the middle 
of the big syncline (Figure 2.10). 
 
2.5 CONCLUSIONS 
2.5.1 Structure 
Regionally two structural systems were identified in the Burgos Basin: (1) 
The lower compressional system affecting Paleocene and Mesozoic rocks 
characterized by reverse faulting, and (2) an extensional system characterized by 
low-angle normal faulting affecting Eocene to Recent rocks. 
A decoupling (detachment) level separating both structural systems was 
identified on the top of the Cretaceous and Neogene interval, where the deepest 
low-angle normal faults converge. 
 44 
Figure 2.10 Isochron map of the 32.4 ma sequence boundary that corresponds to 
the top of the Vicksburg Formation. A master growth fault is present 
in the western portion with a northeast-southwest orientation. 
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Growth faults are curvilinear in map view and very continuous over 
distances of several kilometers. The main growth faults bound five structural 
blocks in which the main reservoirs have been identified.  
Vicksburg reservoirs in the Burgos Basin are very productive down-dip, 
and the reservoirs are placed mostly in rollover anticline traps where fault 
closures play important roles as seals. The structure of the Vicksburg Formation is 
complex because of normal faulting sliding on the unstable shales of the Jackson 
Group.  
 
2.5.2 Stratigraphy 
The stratigraphic framework was constructed by the identification and 
correlation, based on flooding surfaces, of six stratigraphic units, named A to F, 
within the Vicksburg Formation. These units are constrained to fault-bounded, 
structurally-defined provinces.  
The stratigraphic framework is shared between South Texas and northern México 
because the major flooding surface marker horizons that define the Vicksburg 
stratigraphy in the Burgos Basin can be correlated north into Texas. The 
producing intervals in South Texas fields can be identified and assigned to 
equivalent genetic stratigraphic intervals of the Burgos Basin. The depositional 
architectures of delta-flank shoreface and beach ridge facies, as well as delta- 
mouth-bar facies and distributary-channels facie in the Texas Vicksburg 
reservoirs, are also comparable to those in the Burgos Basin. 
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Chapter 3 
Petrophysical Analysis 
3.1 INTRODUCTION 
Log-based petrophysical analysis is very important in any seismic 
inversion effort. A complete data set of well logs is needed to determine the 
relationships between petrophysical properties and fluid presence. A 
petrophysical analysis involves log editing, and log calculation of shale volume, 
effective porosity, water saturation, hydrocarbon saturation, and elastic properties. 
Crossplotting is useful in petrophysical analysis, and modern 
computational techniques facilitate handling of the data. It is necessary to know 
the log response functions and their relations to porosity and lithology to make a 
good interpretation of the crossplotted results. Some well logs are sensitive to 
porosity, for example, neutron, acoustic, and density. Therefore, all of these logs 
transform into porosity values. However, equations that convert the log 
measurements to porosity values involve fluid and matrix parameters that must be 
known or assumed. In this chapter, the goal is to provide estimations of the 
volume of shale, water saturation, effective porosity, and derived elastic constants 
for the principal reservoirs penetrated by key wells that will be used as control 
points in post-stack and pre-stack seismic inversions. 
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3.2 WELL LOG DIGITAL DATA BASE 
PEMEX Exploración y Producción provided the edited digital log curves 
for 120 wells. All the wells are vertical, with few exceptions, and are distributed 
across the 3D survey area. Log-curve suites include caliper, spontaneous potential 
(SP), gamma ray (GR), resistivity (LLD, ILM, ILD), neutron-porosity (NPHI), 
density-porosity (DPHI), bulk density (RHOB), and sonic (BHC). In the study 
area, there are twelve key wells (Figure 3.1) that contain dipole sonic logs (DSI). 
Detailed log analysis, consisting of estimation of volume of shale, effective 
porosity, and water saturation at reservoir intervals, was done for these twelve key 
wells. 
 
3.3 WELL LOG ANALYSIS 
Vshale was computed for each well using the formula derived from the 
observed GR curve: 
,


−
−=
cleanshale
clean
shale GRGR
GRGR
V  
                
where 
 
shaleV     is the volume of shale 
GR    is the observed log response in the zone of interest 
cleanGR    is the log response in a shale-free bed, and 
shaleGR    is the log response in a shale zone. 
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Figure 3.1. Base map highlighting 12 key wells, which have dipole sonic logs, 
used for the detailed petrophysical analysis in the study area. 
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A porosity model was validated by comparing the porosity estimation 
from the neutron-porosity and density-porosity logs corrected for shale and the 
measured porosity data from cores, by the following equations: 
 
 



 Φ+Φ=Φ
2
22
ncdc
e ,   (formula for gas) 
 
where:  
eΦ   is the effective porosity,  
dcΦ   is the corrected density-porosity, and  
ncΦ    is the corrected neutron-porosity, 
 
and 
 
( ),dshshddc V Φ•−Φ=Φ  
( ),nshshnnc V Φ•−Φ=Φ  
where  
dΦ   is the density porosity,  
dshΦ   is the density porosity of shale,  
nΦ   is the neutron porosity, and  
nshΦ   is the neutron porosity of shale. 
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Water saturation was computed using a modified Simandoux equation 
(Asquith, 1982),  
,
5
22
2 



−


+•
Φ•
Φ
•=
sh
sh
sh
sh
tw
e
e
we
w R
V
R
V
RR
RC
S  
 where 
 ewS  is the effective water saturation (clay corrected), 
C  is a constant normally taken to be 0.40 for sandstones and 0.45 for 
carbonates, 
wR  is the electrical resistivity of the connate water, 
eΦ  is the effective (clay corrected) porosity, 
tR  is the measured deep resistivity (corrected for invasion and 
shoulder effects), 
shV  is the estimated volume of shale, and 
shR  is the resistivity measured in an adjacent shale. 
 
In Figure 3.2, four tracks containing gamma ray, volume of shale, 
effective porosity, and water saturation are plotted. The red zone corresponds to 
the gas reservoir interval in the S-1 well; the red point in the effective porosity 
track is the measured data from core and indicates a good match between 
estimated data from logs and the measured data from the laboratory. 
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Figure 3.2 Composite log tracks from the S-1 well, showing the gamma ray and 
computed curves; from left to right: gamma ray, volume of shale, 
effective porosity, and water saturation. The red point on the effective 
porosity curve is a data measurement from well core. 
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3.4 ELASTIC CONSTANTS 
Elastic behavior deals with deformations that vanish entirely upon 
removal of the stresses that cause them. The passage of a low-amplitude seismic 
wave through Earth media is an example of elastic behavior. For small 
deformations, Hooke’s law holds, and strain is proportional to stress. The stress-
strain properties of isotropic materials that obey Hooke’s law are specified by 
elastic moduli. The key moduli include the following: 
- Bulk modulus k is the stress and strain ratio under simple hydrostatic 
pressure. 
( ) ,/VV
Pk ∆
∆=  
where 
P∆  is the pressure change,  
V  is the volume,   
V∆   is the change in volume and VV /∆ is called dilatation. 
- Shear modulus, rigidity modulus, or Lamé’s rigidity constant µ  is 
the stress-strain ratio for simple shear. ( )
( ) ,/
/
LL
AF
∆
∆=µ  
where 
F∆  is the tangential force,  
A  is the cross-sectional area,  
L  is the distance between shear planes, and  
L∆  is the shear displacement. 
L∆  and L  are directed at right angles to each other. 
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- Young’s modulus or stretch modulus E , is the stress-strain ratio 
when an elastic cylinder is pulled or compressed. ( )
( ) ,/
/
LL
AFE ∆
∆=  
where  
AF /∆   is the stress,  
L   is the original length, and  
L∆   is the change in length. E/1  is called compliance. 
 
- Lamé’s  λ  constant 
( )3/2µλ −= k , 
where 
k   is the bulk modulus, and 
µ   is the rigidity modulus. 
 
- Poisson’s ratio σ  is the ratio of the transverse strain to longitudinal 
strain when an elastic cylinder of length L is pulled or compressed 
 ( )
LL
WW
/
/
∆
∆=−σ , 
where 
W∆   is the width change of the elastic cylinder, and 
W   is the width of the elastic cylinder. 
Poisson’s ratio varies from 0 to 0.5. Poisson’s ratio value for fluids is 0.5 
and 0.25 for Lamé’s solids when µλ = . 
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3.4.1 ELASTIC CONSTANTS AND THEIR RELATIONSHIPS TO ROCK MATRIX 
AND FLUIDS 
Rigidity µ  is resistance to shear deformation. Mu gives information 
about the rock matrix. 
Incompressibility k  is resistance to compression. Lamé’s constant λ  is 
an elastic parameter sensitive to fluid content. Lambda is related to bulk modulus 
and rigidity by, 
   ( )3/2µλ −= k  
These physical properties are related to the rock’s ability to transmit 
seismic waves: 
( )
ρ
µλ 2+=pV ,                     ρ
µ=sV ,                     2+= µ
λ
Vs
Vp  
 
1
12/1
2
2
−


−


=
Vs
Vp
Vs
Vp
σ                  ( )σ
σ
−
−=
1
5.0
p
s
V
V    
where  
=pV  is the compressional wave velocity,  
=sV  is the shear wave velocity, 
σ  = is the Poisson’s ratio, 
λ  = is the Lamé’s constant, 
µ  = is the shear modulus or rigidity, and 
ρ  = is the bulk density. 
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The shear modulus µ of a rock does not change when the fluid is changed. 
However, the bulk modulus k unchange when the fluid changes. The bulk 
modulus of a brine-saturated rock is greater than that for gas-saturated rock 
because brine is significantly stiffer or less compressible than gas. The effect is 
that the Vp/Vs ratio of a gas-saturated rock can be substantially lower than the 
Vp/Vs ratio for the same rock if it was brine-saturated. This change in Vp/Vs ratio 
can invoke an AVO (amplitude variation with offset) response. Figure 3.3 shows 
an example of the computed elastic rock properties achieved in well K-1. 
 
3.5 CROSSPLOTTING 
In this research, graphs were obtained plotting P_velocity (Vp), shear 
velocity (Vs), Vp/Vs ratio, Poisson’s ratio, lambda*rho, mu*rho, and lambda/mu 
versus porosity-density, volume of shale, and water saturation computed at 
specific intervals to define characteristics and ranges of shales and sands in gas 
reservoirs. 
In Figure 3.4A-I a P_impedance versus density crossplot at seismic 
frequency using a 60 Hz. highcut filter and having a gamma ray color bar, the 
graph shows the lithologic separation based in P_impedance values. It could show 
three types of lithology based on P_impedance and density values. This graph 
indicates that sandstones at the reservoir interval have high P_impedance values 
and shales have low P_impedance values; in Figure 3.4A-II a crossplot shows 
P_impedance versus density from the same interval but  at  well  frequency.  Both  
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graphs show high P_impedance values for sandstones and little discrimination 
based on density. 
In Figure 3.4B there is an example of a set of crossplots calculated for the 
K-1 well. In this example, the variables Vp, Vs, Vp/Vs, Poisson’s ratio, 
lambda*rho, mu*rho, and lambda/mu ratio have been plotted versus water 
saturation in the interval between 3450 and 3460 meters. The color scale, from 50 
to 120, corresponds to gamma-ray values (gAPI units) with light colors 
representing sandstones and dark colors showing shales. In general, the graphs 
show higher than normal Vp and Vs values for the Vicksburg Formation, because 
open hole log measurements often are affected by conditions in the wellbore 
during drilling through the rock formation and must be corrected using charts that 
include the effect of mud present in the well.  Graph A shows a decrease in Vp 
velocities, from 3500m/s to 2700 m/s, for shales as Sw increases while Vp for 
sandstones remains between 3200 and 3600 m/s. Panel B shows Vs decreasing 
from 2200m/s to 1900 m/s for sandstones and from 2000 to 1600 m/s for shales. 
In plot C, the crossplot shows constant values for sandstones and shales ranging 
between 1.5 and 1.7 in Vp/Vs ratio as Sw increases except for Sw > 0.95. Graph D 
shows behavior similar to that in graph C where the values for sandstones and 
shales range between 0.1 and 0.25, an increase in Poisson’s ratio for Sw > 0.95. 
Graph E shows ranges between 50 and 200 of lambda*rho except Sw > 0.80, 
where an increment in shales is shown. When lambda*rho values for shales are 
higher than values for sandstones, the presence of fluids is indicated. In F mu*rho 
range is limited to values between 200 and 250, indicating a poor quality  rock  of  
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this interval; sandstones values stay almost constant and decrease in mu*rho 
values for shales can be seen as Sw increases. In the final plot G, a lambda/mu 
ratio – Sw graph shows values for sandstones ranging between 1.1 and 1.17, while 
shales show incremental values from 1.20 to 1.35 for Sw > 0.5. 
In Figure 3.4C sets of crossplots from the interval between 2827 m and 
2847 m calculated for the S-1 well are shown. The variables Vp, Vs, Vp/Vs, 
Poisson’s ratio, lambda*rho, mu*rho, and lambda/mu ratio have been plotted 
versus water saturation with the color scale, from 50 to 100 gAPI. This 
corresponds to gamma-ray values (gAPI units) light colors represent sandstones 
and dark colors show shales. Graph A shows a decrease in Vp velocities, from 
3050 m/s to 2950 m/s, for sandstones for values of Sw from 0.4 to 0.7, increasing 
Vp from 3000 m/s to 4350 m/s for Sw > 0.7; Vp for shales ranges from 2800 m/s 
to 3000 m/s. Panel B shows Vs decreasing from 2000 m/s to 1900 m/s for 
sandstones and from 1700 m/s to 1500 m/s for shales. In plot C, the crossplot 
shows increment in values for sandstones ranging between 1.6 and 1.8 in Vp/Vs 
ratio as Sw increases except for Sw > 0.8 where the Vp/Vs ratio increases 
substantially from 1.6 to 2.6. Graph D shows an incremental behavior from 0.2 to 
0.35 for sandstones; shales range from 0.25 to 0.38 as Sw increases. Graph E 
shows values for sandstones between 150 and 200 of lambda*rho except Sw > 
0.70, where an increment in sandstones is shown; shale behavior is constant at 
values ranging between 150 and 200. In general this graph shows higher values 
for shales than sandstones. In F, mu*rho range is limited to almost constant values 
of 180 for sandstones, indicating a good quality rock of  this  interval;  sandstones  
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values increase for Sw > 0.7 in mu*rho values. Shales range between 50 and 150. 
In the final plot G, a lambda/mu ratio – Sw graph shows an increment for 
sandstones from 1.1 to 2 as Sw increases, while shales show values from 1.5 to 
2.5; in general, shales show higher values than do sandstones in this interval. 
 
3.6 BIOT-GASSMANN SENSITIVITY ANALYSIS 
Biot (1956a,b) described the theory of propagation of elastic waves in  
fluid-saturated porous solids for low and high frequency ranges. Because there 
were unknown coefficients involved, his equations were difficult to measure. 
Geerstma (1961) found a solution by letting the frequency-dependent Biot 
equation reduce to what is called the zero-frequency approximation. The 
Gassmann equation (Gassmann, 1951a,b), is useful for predicting velocities in gas 
and oil-saturated reservoirs, although it fails to consider some factors that 
contribute to seismic character like amplitude. 
The Gassmann equation is given by: 
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where 
pV  is the compressional wave velocity, 
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sV  is the shear wave velocity, 
K   is the bulk modulus, 
µ   is the shear modulus or rigidity, 
Φ   is the porosity, 
ρ   is the density, and 
 
the meaning of the subscripts, 
b   is related to dry rock, 
f   is related to pore fluid, and 
s   is related to solid material. 
 
This simplified form of the Biot equation is useful at seismic frequencies. 
It is used to solve for the bulk modulus of the drained rock frame Kb, given by an 
initial P_velocity, water saturation, porosity, and assumed bulk moduli dry 
Poisson’s ratio σ, and densities and bulk moduli of the water. 
The objective here is to calculate the trend of the velocity in the reservoir 
or area of interest by substituting these values for the porosity and water 
saturation. The data required for modeling are the S-wave and P-wave velocities, 
Vs and Vp respectively. 
Shear modulus remains the same if only the water saturation is changed, 
but bulk modulus will change with water saturation at fixed porosity. If the 
porosity is changed, then the dry rock exhibits new elastic parameters that are 
updated using a variation of Pickett’s equation (Pickett, 1963) for estimating the 
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dry rock moduli. Poisson’s ratio of the dry rock is also necessary although not 
critical, and 0.12 is assumed.  
These calculations were applied in the S-1 and K-1 wells, which have 
laboratory estimates for bulk and shear modulus and porosity in addition to 
P_wave and S_wave logs. Figure 3.5 shows the results of S-1 well from 
laboratory petrophysical analysis from core; the core was extracted from an 
interval that includes the rock reservoir.  
Figure 3.6A and 3.6B shows the results of velocity modeling following 
fluid and porosity substitution at the reservoir interval given the values of Vp, Vs 
and φ extracted from the laboratory tests and then compared with the crossplots 
obtained from well logs at the same intervals.  
In Figure 3.6A the crossplots showing the gas effect response in a clean 
and high-porosity sandstone from S-1 well is presented; according to the 
crossplots, the velocity modeling indicates a strong variation of Vp and Vp/Vs 
ratio at Sw > 0.95.  
In Figure 3.6B the gas effect is not so dramatic due to the lithologic 
characteristic of the sandstone from the K-1 well that consists of shaly sandstone 
with porosity 12.4% and 0.2 of volume of shale. 
The principal difference between both modeling analyses is that S-1 
sandstone comes from a more proximal environment than K-1, which has high 
shale content because of having come from a more distal environment. 
 
 65
 
Fi
gu
re
 3
.5
 C
or
e 
pe
tro
ph
ys
ic
al
 a
na
ly
se
s 
at
 r
es
er
vo
ir 
in
te
rv
al
 i
n 
S-
1 
w
el
l. 
La
bo
ra
to
ry
 m
ea
su
re
m
en
ts
 i
nc
lu
de
 b
ul
k,
 
Y
ou
ng
, a
nd
 sh
ea
r m
od
ul
i. 
 66 
Fi
gu
re
 3
.6
A
 B
io
t-G
as
sm
an
n 
se
ns
iti
vi
ty
 a
na
ly
si
s 
in
 S
-1
 w
el
l 
at
 t
he
 g
as
 r
es
er
vo
ir 
in
te
rv
al
 b
et
w
ee
n 
28
27
 a
nd
 2
84
7 
m
et
er
s. 
Th
e 
up
pe
r c
ro
ss
pl
ot
s 
ar
e 
th
e 
m
ea
su
re
d 
da
ta
 fr
om
 lo
gs
, a
nd
 th
e 
lo
w
er
 g
ra
ph
s 
sh
ow
 th
e 
ve
lo
ci
ty
 
m
od
el
in
g 
w
he
n 
Sw
 is
 c
ha
ng
ed
. V
ar
ia
tio
n 
of
 P
-v
el
oc
ity
 a
nd
 V
p/
V
s 
ra
tio
 d
ue
 to
 g
as
-s
at
ur
at
ed
 s
an
d 
ca
n 
be
 se
en
. 
 67 
Fi
gu
re
 3
.6
B
 B
io
t-G
as
sm
an
n 
se
ns
iti
vi
ty
 a
na
ly
si
s 
in
 K
-1
 w
el
l 
at
 t
he
 g
as
 r
es
er
vo
ir 
in
te
rv
al
 b
et
w
ee
n 
34
50
 a
nd
 3
46
0 
m
et
er
s. 
Th
e 
up
pe
r c
ro
ss
pl
ot
s 
ar
e 
th
e 
m
ea
su
re
d 
da
ta
 fr
om
 lo
gs
, a
nd
 th
e 
lo
w
er
 g
ra
ph
s 
sh
ow
 th
e 
ve
lo
ci
ty
 
m
od
el
in
g 
w
he
n 
Sw
 is
 c
ha
ng
ed
. V
ar
ia
tio
n 
of
 P
-v
el
oc
ity
 a
nd
 V
p/
V
s r
at
io
 d
ue
 to
 g
as
 e
ff
ec
t f
ro
m
 sa
tu
ra
te
d 
sa
nd
 is
 d
is
pl
ay
ed
. 
 68
3.7 FLUID AND LITHOLOGY DISCRIMINATION 
Mud filtrate invasion can occur in many types of permeable hydrocarbon- 
bearing formations, and it causes sonic logs that show low values (higher P or S 
velocities) and high density log values. Mud filtrate invasion affects shallow 
investigation tools such sonic and density. Generally the log curves delivered 
from PEMEX are corrected for environmental effects, but the data used here are 
not totally corrected, and mud filtrate invasion is present in these logs . 
Lamé’s parameters, lambda and mu, are useful to discriminate between 
fluids and rocks. Lambda (λ) is an elastic parameter sensitive to fluid content and 
is related to bulk modulus and rigidity by λ = k – 2µ/3. 
Mu (µ) or rigidity is resistance to shear deformation. Mu gives information 
about the rock matrix. The shear modulus, µ, of a rock does not change when the 
fluid is changed. The bulk modulus, k, does change significantly when the fluid 
changes. Elastic properties were computed in key wells to differentiate rocks from 
fluids. Crossplotting of Lamé’s parameters is useful to discriminate lithology or 
fluids, depending on the rock quality and thickness. Figure 3.7 displays a 
crossplot of lambda*rho versus mu*rho that illustrates separation of the reservoir 
zone from the rest of the points in λ-µ domain, which indicates that Lamé’s 
parameters computation can be used for discriminating gas reservoir zones. In 
particular, the reservoir is characterized by low values of lambda*rho consistent 
with the presence of gas. 
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3.8 CONCLUSIONS 
Petrophysical analysis is a fundamental process for this inversion project 
because the acoustic and elastic properties of rocks were defined. 
 A well log data base including porosity, density, gamma ray, and sonic 
curves was necessary for making such an analysis and for establishing the 
relationship between rocks and fluids. The methodology used here consisted   of 
editing logs and computing of shale volume, effective porosity, water saturation, 
and elastic properties.  
Mud filtrate invasion in sonic and density well logs is present because the 
environmental effects were not totally corrected for. 
Crossplotting was useful for defining the petrophysical properties in 
reservoir intervals of interest and was helpful for discriminating between fluids 
and rocks at key wells. As a result of this, high P_impedance sandstones were 
defined with crossplots and low density linked to low values of lambda*rho were 
used to defect fluid at seismic frequency. 
Lamé’s petrophysical parameters, lambda*rho and mu*rho, were analyzed 
as tools for fluid and lithology discrimination. Clean and good-porosity sandstone 
from S field provided the best way to discriminate between fluid and lithology; 
shaly sandstone from the K reservoir which has low porosity, does not show a 
clear gas effect in fluid substitution modeling. 
However, the shale effect, the mud filtrate invasion, and the presence of 
gas are the most important issues in this petrophysical analysis, and these effects 
are present in all data. 
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Chapter 4 
Stratigraphic Analysis of Reflectivity Data I: Enhancing Lateral 
and Vertical Resolution with Constrained Sparse Spike Inversion 
4.1 INTRODUCTION 
Constrained sparse spike inversion from Jason’s software (CSSI®), 
represents one way to reduce wavelet tuning effects and to remove the effects of 
wavelet side lobes. CSSI uses seismic traces to estimate reflectivity with some 
minimum number of reflection coefficients via optimization methods. In the CSSI 
algorithm, the results are driven by seismic data, with trends and constraints 
derived from well data and from the Earth model defined by the seismic horizons. 
 The trends and constraints are useful for reducing non-uniqueness in the 
inversion process. Because the seismic data do not have low-frequency 
information, the inversion provides the low-frequency component from the well 
log data, which is subsequently merged with the band-limited data from the 
seismic reflections to produce a total acoustic impedance volume.  
Reflectivity data derived from seismic inversion can be used to define 
stratigraphic sequences from enhanced lateral continuity and vertical resolution of 
seismic data. Using case study from a new gas field in a mature basin, I will show 
how this approach leads to improvements in delineation of spatial distribution and 
lateral continuity of reservoirs. Using a sequence stratigraphic framework to 
extract reflectivity values, this chapter shows how sand bodies can be delineated. 
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Reflectivity modeling is helpful for delineating and characterizing 
reservoirs that cannot be defined using conventional seismic data. Resolution of 
reflectivity data derived from seismic inversion increases when the wavelet effect 
is removed and reflector continuity is improved. The integration of seismic data 
with borehole data containing low-frequency information was very important in 
this study as the data set includes good-quality P-wave and S-wave sonic and 
density well logs and check-shot surveys.  
Use of reflectivity data provides the following advantages: 
1. Lateral and vertical resolution is increased. 
2. Tuning effect is reduced. 
3. Reflectivity is an interface property, whereas acoustic impedance is a bulk 
layer property. 
4. Boundaries of reservoirs can be accurately defined, thereby improving the 
characterization of gas reservoirs. 
5. Stratigraphic analysis of reflectivity data can be developed between reservoir 
interfaces by retracing seismic horizons, allowing the refinement of the 
sedimentary model. 
6. Sequence boundaries can be accurately defined by reducing the tuning effect. 
7. Results from the inversion of reflectivity data can be calibrated with wells. 
In this chapter, a methodology is proposed to use reflectivity data from 
seismic inversion to enhance lateral and vertical seismic resolution. It is shown 
through the descriptions of a case study how reflectivity is useful for delineating 
reservoir boundaries. Reflectivity analysis was applied in an Oligocene wave- 
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dominated delta depositional environment. In wave-dominated deltas, the 
principal framework facies consists of amalgamated beach-ridge sands deposited 
along the front and margins of the delta (Han, 1981; Han and Scott, 1981), and 
imparts a first-order, sedimentary strike orientation of the delta framework. Dip- 
oriented distributary channel-fill facies sand bodies constitute a secondary 
framework (Galloway and Hobday, 1983). Prodelta facies are not thick because 
the intensity of wave reworking results in widespread dispersal of suspended 
sediments. This analysis helped define the lateral continuity of strike-oriented 
sand bodies deposited by wave action reworking sediments supplied from ancient 
Rio Grande channels eastward into the Cenozoic Burgos Basin in northern 
México. Seismic amplitude attribute maps were used to define the lateral extent of 
sand bodies and, therefore, the limits of reservoirs. This technique can be applied 
in other reservoir characterization and delineation studies. 
 
4.2 BACKGROUND 
Results presented here describe a study carried out in a new gas field in 
the Burgos Basin in northern México (Figure 4.1). The objective of this study was 
to delineate reservoir boundaries by reflectivity analysis of stratigraphic 
sequences. The field, a north-south trending anticline, was discovered in 2001. 
Gas production is from the Vicksburg Formation, in Oligocene rocks deposited in 
a wave-dominated depositional system. A P-wave seismic data volume was 
acquired in 1999 and reprocessed in 2001. 
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4.3 METHODOLOGY 
This study involved eight main steps: 
1. Structural analysis that identifies the main structural components in the 
study area and constructs a fault framework. 
2. Construction of a sequence stratigraphic model and sequence boundary 
surfaces using seismic data and well logs. 
3. Sonic log interpolation to form a low-frequency velocity model. 
4. Wavelet extraction from the seismic data at well positions. 
5. Seismic inversion of the 3D volume to produce the reflectivity model. 
6. Interpretation of seismic horizons onto the reflectivity volume. 
7. Amplitude attribute extraction for the seismic volume and reflectivity data. 
8. Interpretation and comparison of attribute maps extracted from the seismic 
and reflectivity data. 
 
4.3.1 Structural Analysis 
The structural style of growth faulting in the Vicksburg Formation is due 
to a combination of rapid sedimentation and flowage of mobile shale from the 
underlying Jackson Group, which resulted in major low-angle growth faults. 
These growth faults influenced the pattern of contemporaneous sandstone 
distribution and the continuity across upthrown and downthrown blocks (Han, 
1981; Han and Scott, 1981). In the study area, Vicksburg rock thicknesses are 
expanded and affected by intense normal faulting with the main growth fault 
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oriented nearly north-south and following a curvilinear path (Figure 4.2). The 
Vicksburg Formation is characterized by several overpressured gas fields. 
 These fields occur in deep-buried sandstone facies at a depth of more than 
3.5 km and are associated with stacked deltaic systems affected by syn-
sedimentary growth faults. 
 
4.3.2 Stratigraphic Units 
The broad stratigraphic model was built with six flooding surfaces 
identified in well logs and on the seismic data. These surfaces were picked using 
all of the available logs in each well and exhibited a good correlation. 
Sedimentary sequences identified in all wells in this study were divided into 
packages in which six stratigraphic units were defined. In this chapter, unit D is 
the main goal of study, because it contains the main reservoir in the S gas field. 
Stratigraphic unit D was subdivided into five seismic markers in the original 
seismic volume to provide a detailed correlation throughout the reservoirs. 
 
4.3.3 Earth Model 
In this part of this project, a 3D property model based on wells and 
stratigraphic description was built for the sequence stratigraphy framework. The 
purpose of building a subsurface model for the sparse spike inversion 
methodology is to generate a set of continuous horizons that can be used to define 
constraints along the wells and to build a cube of interpolated impedance logs.  
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The earth model, or solid model, was built by interpolation of the well 
logs along continuous strata to form a low-frequency model that is conformable to 
the top and base of the interpreted interval (Figure 4.3). These interpolated sonic 
log data are integrated with inverted impedances to provide a high-resolution 
result consistent with the log data at well ties. 
 
4.3.4 Seismic bandwidth and wavelet extraction 
Seismic bandwidth 
In any seismic inversion project, it is necessary to know the characteristics 
of seismic data in terms of bandwidth, noise, velocity anomalies, migration 
artifacts, multiples, diffractions, and amplitude-versus-offset behavior because all 
of these effects will be included in the final product. A frequency spectrum 
extracted from a time window between 1800 and 2500 ms of traces in a seismic 
line is shown in Figure 4.4. The data were analyzed in the time-frequency 
spectrum to determine the bandwidth of the seismic traces. This figure shows that 
the seismic data do not contain sufficient inversion information in the low- 
frequency interval (0 to 10 Hz). Thus, the low-frequency character must be 
supplied from well log data inside the seismic image space. 
 
Wavelet extraction 
Seismic wavelet extraction is very important in an inversion project. The 
characteristics of the wavelet make a strong imprint on seismic amplitude 
variation.  To estimate the wavelet from well control,  the fundamental inputs  are  
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the seismic traces and the targeted time window. The process is to find a wavelet 
that produces the best synthetic match to the seismic data.  
In this study, a wavelet extraction was performed at control wells and 
time-depth conversions from checkshots were refined to give an improved 
synthetic to seismic tie. 
A wavelet was extracted at two well locations as follows: 
- Check shot corrections were applied to the seismic data adjusting the 
well data to seismic time. 
- A wavelet was estimated from the amplitude spectrum, averaged from 
ten seismic traces at each well location to generate a zero-phase 
wavelet. 
- Wavelet phase was estimated using a constant-phase spectrum. It was 
necessary to make an initial bulk shift and stretch and squeeze the 
time-depth relationship to obtain a good match between seismic and 
synthetic data. 
- A wavelet was estimated using both amplitude and phase spectra. It 
was necessary again to apply some stretching and squeezing to the 
time-depth curve. 
Once the wavelet was estimated at each of the two wells, an average 
wavelet was calculated. Figure 4.5 shows the two wavelets estimated at each well 
location as well as the average wavelet. 
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4.3.5 Constrained Sparse Spike Inversion (CSSI) 
The Constrained Sparse Spike Inversion (CSSI) algorithm, was developed 
by Jason Geosystems®, uses seismic traces to model subsurface reflectivities with 
some minimum number of reflection coefficients. The final results are driven by 
the seismic data, and the bandwidth is increased by the enforcement of sparsity.  
In this project, a wavelet and a low-frequency model were used as the basis for a 
constrained, broadband, sparse spike inversion that yielded the reflectivity model. 
Figure 4.6 shows a flow chart displaying the stages involved in a post-stack 
seismic inversion. 
 
Constraints 
The Constrained Sparse Spike Inversion models the input seismic data as 
the convolution the seismic extracted wavelet with the reflection coefficients 
defining the model. Because the wavelet is bandlimited, there is no unique 
solution to this problem. Therefore, additional constraints must be enforced to 
estimate a plausible result of several feasible mathematical solutions (Pendrel and 
Van Riel, 1997). These constraints define the variability of the inversion 
impedances away from the wells. A mean value or soft trend was defined for each 
well, and then an average trend was computed using all four wells. This trend is 
used to guide the acoustic inversion. The well constraints are defined based on the 
range of interval P-impedance, and they establish the allowable impedance 
solutions. However, the low-frequency component  (usually 0 to 10 Hz) is  absent  
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in the seismic data and hence must be interpolated from sonic log and check-shot 
data. 
Filtering is necessary to accomplish the final trace merging. A high-cut 
filter (10 Hz) is applied the low-frequency data derived from the well log data, 
and a band-pass filter (10 to 60 Hz) is applied to the band-limited seismic data. 
 
Sparsity control 
The constrained sparse spike inversion minimizes a cost function (CF) 
subject to value-range constraints. The cost function is given by: 
 
CF =[l1 –norm*(Reflectivity)]+[λ*l2(Seismic_misfit)] 
                          First term                              Second term 
 
The first term of the equation represents the energy of reflectivity, and the 
second term represents the seismic misfit. The reflectivity energy term is the sum 
of the absolute values of the reflection coefficients and ensures sparsity of the 
reflectivity. The seismic misfit term indicates the difference between seismic and 
the synthetic and ensures a good fit with the seismic data. 
The parameter λ controls the density of spikes in the results. A small λ 
value will generate a few reflectors and high data residuals (error), whereas a 
larger λ value will generate many reflectors and a better seismic match. The two 
terms of the equation cannot be simultaneously reduced, become small residuals 
occur with a detailed model and a sparse model occurs with a significant data 
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mismatch. The scalar λ is a relative weight between two terms. A high λ value 
will also introduce too many insignificant reflectors and will make the results less 
sparse. The most appropriate λ value is the lowest λ value that produces a high 
signal-to-noise ratio and good well-log correlation results.  
 
Porosity computation 
 In seismic inversion to acoustic impedance is used as a direct estimation 
tool of reservoir properties such as porosity, lithology, and fluid fill (Hegelsen et 
al., 2000; Latimer and Van Riel, 1996; Torres-Verdín et al., 1999). The 
conversion of acoustic impedance units to porosity is based on a linear 
relationship assumed between porosity and acoustic impedance that is applied to 
the total acoustic impedance volume generated during the inversion. Regression 
analysis performed on K field logs used to generate P-impedance for the total AI 
volume yielded desirable correlation coefficients is shown in Figure 4.7(A). The 
trend obtained from the crossplot of density porosity versus P-impedance was 
used to convert the total AI volume into a porosity volume. The porosity volume 
result was useful to establish the spatial variation of porosity and correctly 
identified more than 90 percent of the sand bodies drilled by the wells shown in 
Figure 4.7(B). Distinct high-porosity bodies (potential reservoirs) are extracted 
from the estimated porosity volume in Figure 4.7(C). 
 
 87 
Fi
gu
re
 4
.7
 P
or
os
ity
 b
od
ie
s e
xt
ra
ct
ed
 fr
om
 P
-im
pe
da
nc
e 
de
riv
ed
 fr
om
 p
os
t-s
ta
ck
 se
is
m
ic
 in
ve
rs
io
n.
 
 88
4.3.6 Seismic horizons picking on the reflectivity volume 
Seismic horizons interpreted in the post-stack seismic volume were 
carefully re-interpreted on the reflectivity volume to produce a new horizon set. 
The latter were mapped to produce  additional attribute  extractions of  amplitude  
and inverted reflectivity describing spatial and vertical reservoir boundaries after 
wavelet effects are removed.   Figure 4.8 displays a seismic  line  extracted in  the  
vicinity of S-1 well and shows the comparison between interpreted horizons from 
the original seismic data and interpreted horizons from reflectivity derived from 
inversion. 
The increase in seismic resolution can be seen, and an improved horizon 
correlation is achieved using the reflectivity cross-section. 
 
4.3.7 Attribute Extraction 
Many authors have been involved in seismic attributes studies, where the 
reservoir properties are correlated to seismic attributes (Del Valle Garcia et al., 
(1990); (Sonneland and Barkved, 1990); Lefeuvre and Chanet, 1993); (Magnier, 
1994); (Dickerman et al., 1994); (Hansen, 1993, 1996); (Alam et al., 1995); 
(Hardage et al., 1995); (Matteucci, 1996); and (Gastaldi et al., 1997). 
Seismic attributes that are not independent of each other are still useful for 
studying the time, amplitude, phase, frequency, and attenuation character of 
seismic data. Amplitude attribute maps were obtained for the inverted reflectivity 
data and compared with attribute maps constructed directly from seismic.  
 89 
Figure 4.8 Seismic interpreted horizons and reflectivity interpreted horizons used 
to make a better detailed correlation of seismic interfaces. (A) 
Interpreted horizons, in yellow, on seismic post-stack data volume.
(B) Interpreted horizons, in light blue, following the reflectivity 
derived from inversion. 
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Figure 4.9A is an extracted amplitude map at one reservoir interval that 
shows the comparison between a seismic amplitude map and a reflectivity 
amplitude map. 
 The map on the left does not show the real extension of the reservoir 
because have the tuning effect, however the map on the right is showing better 
defined high amplitude anomalies oriented north-south, that suggest the  strike 
orientation  of sand bodies and the reservoir boundaries as well. The facies 
architecture consists of ridge sand bars deposited along the front and margins of 
the delta where the amalgamated ridge sand bars impart first-order strike 
orientation to the delta framework. Ridge sand bars coarsen upward and are 
produced by progradation of a marine shoreface. 
Figure 4.9B is an extracted amplitude map at one reservoir interval from 
the K field that shows the comparison between a seismic amplitude map and a 
reflectivity amplitude map. The seismic reflection amplitude map on the left does 
not show the real extension of the reservoir because it is masked by the tuning 
effect; the map on the right shows better defined anomalies and the reservoir 
boundaries can be interpreted. The interpretation of this map consists of distal-bar 
deposits composed of interbedded sands, silt, and mud. Upward, the proportion 
and thickness of sand and silt beds increase. The interbedded sequence grades into 
hummocky, planar or low-angle trough cross-stratified sand. The principal 
structural risk of this map is close to the master fault, on the left, and down-dip 
growth fault to the east. 
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Figure 4.9A Amplitude map extraction for the reservoir interval in the S field. The 
map on the left is an amplitude attribute extraction from seismic in 
which the reservoir boundaries are not well delineated; the map on 
the right shows better defined boundaries where the S-3 well has been 
drilled and shows the real extension of the gas reservoir. 
 92 
Figure 4.9B Amplitude map extraction for the reservoir interval in the K field. The 
map on the left is an amplitude attribute extraction from seismic in 
which the reservoir boundaries are not well delineated; the map on 
the right shows better defined boundaries of the gas reservoir. 
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4.3.8 Interpretation of amplitude attribute maps 
Facies architecture interpretation in S field from the amplitude attribute 
map in Figure 4.10A, was supported by the net sand mapping of the stratigraphic 
unit D, in Figure 4.10B, which shows a north-south oriented or strike oriented 
distribution of sand bodies in this study. The interpretation of the amplitude 
attribute map extracted from the inverted  reflectivity  consists  of  strike-oriented  
bars, parallel to coast line, trending north-south and continuing northward, the 
facies architecture corresponds to ridge sand bars deposited along the front and 
margins of a wave-dominated delta, where successive constructional and 
destructional phase beach-ridge complexes amalgamate to form the delta-front 
sand wedge. 
 
Analogue to Rio Grijalva,Southeast México  
The Rio Grijalva, (satellite image, Figure 4.10C) and the Río Usumacita in 
the coastal lowlands of Tabasco flow into the Bay of Campeche in the 
southwestern part of the Gulf of México. Geologically and geographically, this 
region belongs to the Central American land-bridge between North and South 
America. The rivers flow as separate streams until they merge just before the 
mouth of the Bay of Campeche.  
Numerous river arms and lakes (dark blue) document shifts in the river's 
courses during the last 400 years. Today, a part of the Río Usumacita's abundant 
water-flow is entering the Río Grijalva, while the remaining river waters flow into  
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the sea. Both rivers have deposited sizeable sediment loads in the bottom-land and 
embankments (blue in the satellite image).  
A series of beach ridges has formed near the coast, especially on the Río 
Grijalva delta. The ridges are strike-oriented in their development along the 
courses of the respective coasts and are visible in the conformation of the Río 
Grijalva Delta. The beach-ridge complex has led to island formation of lagoons 
where temporarily flooded areas lead to swamp formation (medium blue areas).  
Features similar to the strike-oriented sand bars and dip-oriented channels 
are observed in the seismic reflectivity map of the subject area. 
 
4.4 CONCLUSIONS 
• Reflectivity modeling helps in stratigraphic analysis at the reservoir scale. 
The stratigraphic model can be used in several ways to improve the 
reflectivity model, enhancing the vertical and spatial resolution and 
leading to the interpretation of internal facies architecture of the 
sedimentary sequences. 
• The interpretation of flooding surfaces from well log models and 
reflectivity models provides an additional control on time-depth 
relationships. The flooding surfaces interpreted in northern Mexico were 
correlated with southern Texas because there are similar characteristics in 
well response. 
• The inverted reflectivity modeling helped to improve the vertical 
resolution and horizontal continuity of seismic events. Amplitude attribute 
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maps extracted from reflectivity at reservoir intervals showed better 
defined sequences and the reservoir boundaries could be spatially 
delineated. 
• Reflectivity amplitude maps were constructed to make an interpretation of 
the sedimentary model based on the inverted reflectivity. 
• In the S field, the facies architecture consists of ridge sand bars deposited 
along the front and margins of the delta, where the amalgamated ridge 
sand bars impart first-order strike orientation to the delta framework. 
Ridge sand bars coarsen upward and are produced by progradation of a 
marine shoreface. 
• In the K field, the facies architecture is correlated to distal bar deposits 
composed of interbedded sands, silt, and mud. Upward, the proportion and 
thickness of sand and silt beds increase. The interbedded sequence grades 
into hummocky, planar or low-angle trough cross-stratified sand.  
• The final attribute maps helped in the development of the gas fields, 
positioning new wells and better relocating some programmed wells. 
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Chapter 5 
Stratigraphic Analysis of Reflectivity Data II: Lamé Petrophysical 
Parameters as Lithology and Fluid Discriminators 
5.1 INTRODUCTION 
Angle dependent inversion (ADI) transforms multiple angle-stacks into 
acoustic and shear impedances, and density volumes. Analysis of these volumes 
produces Lamé’s elastic parameters, lambda and mu, which are useful for 
discriminating lithology from fluids. From well log petrophysical data analysis we 
expect reservoir sandstones to exhibit lower values of lambda and higher values 
of mu (Goodway et al., 1997, Barrios-Rivera et al., 2002). Angle-dependent 
inversion was applied to the S and K gas fields, in the Burgos Basin of México 
(Figure 5.1). Prospective interval extends from target depths of 2800 to 3550 m. 
These gas fields occur in clastic sediments within the Vicksburg Formation. 
Sedimentary models indicate a wave-dominated delta and a growth-fault 
structural environment for the sediments. Goals of this study were to determine 
the extension of the gas reservoirs and to predict rock quality, and to better 
understand reservoir geometry and continuity. 
 
5.1.1 Data set 
PEMEX provided a high-quality 30-fold 3D seismic survey that was 
acquired in 1999, that allowed local geoscientists to interpret a new structural 
trend related  to  a  growth  fault.   Some  structural  prospects  have  been   drilled  
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successfully. The bin size is 20 x 20 m. Offsets ranged from 620 to 3420 m. and 
provided a suitable range of angle information at the target interval. The seismic 
data have been pre-stack migrated, with angle stacks of 3 to 15 degrees and 16 to 
44 degrees extracted. A complete set of well logs, including P-wave sonic, S-
wave sonic, and density logs from the reservoir interval was available for this 
study. 
 
5.2 METHODOLOGY 
This study involves eight main steps: 
1. Well logs were analyzed to determine reservoir quality rocks. 
2. Porosity ranges were discriminated in acoustic and shear impedance 
domains. This was done by crossplotting analysis of well log data across 
these reservoir intervals. 
3. Angle dependent inversion was performed to estimate the P-impedance, S-
impedance, reflectivity, and density volumes. 
4. Reflectivity analysis data from near-angle and far-angle stacks were used 
to re-trace seismic horizons. 
5. Attribute extraction from pre-stack reflectivity data was performed to 
estimate the facies architecture of the reservoirs. Extracted attributes 
consisted of the λ and µ elastic constants and density ρ. 
6. Lamé’s parameters, λ and µ, were computed from acoustic and shear 
impedances and combined with density volumes to discriminate between 
rocks and fluids. 
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7. A porosity volume was estimated from acoustic and shear impedances and 
density volumes, as well, as bulk and shear modulus relationships. 
8. Facies architecture was interpreted for the gas reservoirs in the study area. 
 
5.2.1 Petrophysical Analysis 
Petrophysical analysis was achieved for eleven key wells with a complete 
set of log curves, including caliper, spontaneous potential (SP), gamma ray (GR), 
resistivity (LLD, ILM, ILD), neutron-porosity (NPHI), density-porosity (DPHI), 
bulk density (RHOB), sonic (BHC), and dipole sonic log (DSI). Detailed log 
analysis consisting of volume of shale, effective porosity, and water saturation at 
reservoir intervals was accomplished in those key wells. Laboratory petrophysical 
analysis from core data was useful for calibrating porosity, as well as the shear 
and bulk moduli, which were used in Lamé’s petrophysical parameter 
computations. This calculation was already explained in chapter III, and the final 
results were used in this part of the study. 
 
5.2.2 Angle-Dependent Inversion  
Angle-dependent inversion requires the calculation of elastic impedance 
for each well as a function of angle θ (Connolly, 1999). A wavelet was estimated 
for each angle stacked data set, and these angle stacks volumes were inverted with 
Jason’s software using the Simultaneous Constrained Sparse Spike® Inversion 
algorithm   (Figure 5.2).   This  algorithm   is   an  extension   of   the  zero-offset  
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CSSI method in which a single volume of stacked seismic is inverted into a 
normal acoustic impedance data set (Pendrel and Van Riel, 1997).  
In simultaneous inversion, the seismic amplitude variation with angle is 
incorporated into the inversion process in the form of partial stacks. It is assumed 
that the convolutional model still holds at non-zero angles (Figure 5.3), but the 
well log impedance (density x velocity) is no longer the appropriate reflectivity. 
The convolutional model for angle-dependent inversion is shown below. 
 
5.2.3 Angle Sub-Stacks Computation 
Amplitude versus angle (AVA) describes elastic reflectivity as it varies 
with angle of incidence. Traces from a common mid-point (CMP) gather are 
defined by offset only, but the variation of reflection amplitude from interfaces in 
the subsurface depends on the angle of incidence. Elastic inversion of far offsets, 
therefore, requires data to be gathered over ranges of known angles of incidence. 
The traces of each CMP gather are split spatially and temporally into a 
range of angles using the velocity function at each gather to calculate how the 
normal CMP gather should be split into ranges of angle of incidence. Angle 
gathers from a particular angle range are then stacked to produce angle stacks. 
The number of stacks depends on the number of angles chosen. For AVA 
inversion analysis, near-angle and far-angle stacks are produced, and perhaps also 
mid-angle stacks. Input to the construction of angle gathers should be fully 
normal move out (NMO) corrected, stretch muted, and pre-stack migrated CMP 
gathers.  Multiple and  general noise  attenuation through  stacking will  not be  as  
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effective as usual CMP stacking because the angle gathers will not contain the full 
range of offsets or have the fold found in conventional CMP gathers. Therefore, 
pre-stack multiple attenuation on normal gathers is preferable. As with inversion 
of full-offset stack data, the post-stack processing sequence should be kept 
simple, but signal enhancement techniques may be required. 
Angle stacks were computed using Hampson & Russell® software. The 
migrated gathers were provided by PEMEX Exploración y Producción of 
Reynosa, Tamaulipas, México. Angle stacks were calculated using the rms 
velocities. Figure 5.4 outlines the complete process to compute the angle stacks. 
The input data necessary to compute the angle stacks are the pre-stack time-
migrated gathers and the rms velocities along with the acquisition geometry. CMP 
gathers were transformed into angle gathers and then summed into subsets of 
reflection angles. For this study the angle gathers were stacked into two large 
subsets, near and far. Near-angle gathers included incidence angles from 3 to 15 
degrees. Far-angle gathers included incidence angles from 16 to 44 degrees. 
 
5.2.4 Elastic Impedance Computation 
Elastic impedance is a derived parameter calculated from angle-stacked 
reflectivity. Borehole-derived elastic impedance was calculated using the density, 
compressional, and shear sonic logs in the S-1 and K-1 wells. Elastic impedance 
is defined as the impedance whose reflectivity corresponds to the reflectivity of 
angle-stacked reflection amplitudes. Elastic impedance must be calculated when 
P_impedance  alone  does not   characterize  the  reservoir  and  the P_impedance   
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versus S_impedance crossplot show separation There are several methods for 
calculating elastic impedance from full Zoeppritz representations, the Aki-
Richards approximation of Zoeppritz, and a method published by Connolly 
(1999). The analysis of the elastic impedance versus acoustic impedance over the 
available seismic angle ranges gives an indication of how successful the 
subsequent inversion to elastic impedance will be in discriminating fluids and 
lithology. In Figure 5.5 images from elastic and acoustic impedance, and near-
angle and far-angle reflectivity values computed in the S-1 well are displayed to 
show the AVA effects. The crossplot P_impedance versus S_impedance, in the 
upper image, shows separation between the two impedances hence indicating 
potential AVA effects. 
The lower images display the elastic and acoustic impedance derived from 
log data; the red line corresponds to the acoustic impedance, and the cyan line is 
the elastic impedance. Differences between two impedances can be seen at 
reservoir intervals in the far-angle elastic impedance results. 
 
5.3 REFLECTIVITY ANALYSIS 
Once the angle-dependent inversion was accomplished, the resulting 
products were the near-angle and far-angle reflectivities. In the next section of 
this chapter, a pre-stack reflectivity analysis will be performed with the following 
steps: 
- Seismic horizon tracing on near-angle and far-angle sets 
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- Seismic horizon re-tracing on near-angle and far-angle reflectivities 
derived from angle-dependent inversion. 
- Amplitude attribute maps from seismic and reflectivity angle stacks. 
- Interpretation and relationships of sedimentary facies. 
Six seismic horizons were traced in the near-angle and far-angle seismic 
stacks Figure 5.6. Nine horizons were re-traced in the reflectivity volumes derived 
from inversion for the near and far stack to give a more detailed interpretation. 
The dotted horizon in the seismic and reflectivity displays was used to compare 
various attribute maps. 
 
5.4 AMPLITUDE ATTRIBUTE EXTRACTION 
Amplitude attribute maps were generated using the reflectivity from post-
stack inversion and near-angle and far-angle reflectivities from pre-stack 
inversion as input and were then interpreted to estimate the spatial distribution of 
reservoirs.  
In Figure 5.7, (A) full-angle reflectivity, (B) near-angle reflectivity, and 
(C) far-angle reflectivity are shown for S field and (D) full-angle reflectivity, (E) 
near-angle reflectivity, and (F) far-angle reflectivity for K field at reservoir 
intervals, respectively. In both cases, the best response of the reservoir boundaries 
is given by the far reflectivity. 
 
 109 
Fi
gu
re
 5
.6
 C
om
pa
ris
on
 b
et
w
ee
n 
th
e 
se
is
m
ic
 in
te
rp
re
ta
tio
n 
an
d 
a 
de
ta
ile
d 
tra
ci
ng
 o
f h
or
iz
on
s 
on
 th
e 
re
fle
ct
iv
ity
. T
he
 
do
tte
d 
ho
riz
on
s w
er
e 
us
ed
 to
 e
xt
ra
ct
 th
e 
am
pl
itu
de
 m
ap
s a
t t
he
 re
se
rv
oi
r i
nt
er
va
l. 
 110 
Figure 5.7 Amplitude maps displaying the reflectivity from post-stack and pre-
 stack inversion across the S and K fields. In both cases, far-angle 
 reflectivity shows the best response in terms of fluid discrimination and 
 rock quality. 
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5.4.1 S Field Amplitude Attribute Reflectivity Maps 
(A) This is an amplitude map of the inverted reflectivity from the 
full-angle reflectivity, and it shows a good spatial delineation 
of the reservoir. In this map north-south oriented anomalies 
interpreted as sand bodies parallel to the coast line are 
displayed. 
(B) This is an amplitude map of the inverted reflectivity extracted 
from the near-angle substack from 3° to 15° of incidence 
angle. It shows a subtle change in sign (negative values) of the 
reflectivity in the reservoir zone. This change in sign is related 
to the shale effect in the reflectivity model. Near-angle 
reflectivity, or the close to zero incidence-angle map, is similar 
to the full-angle reflectivity or zero-offset map. 
(C) This is an amplitude map of the inverted reflectivity extracted 
from the far angle including incidence angles from 16° to 44°. 
This map shows an interesting feature in the reservoir area, 
consisting of a strong negative anomaly due to the volume of 
the shale effect. 
 
5.4.2 K field Amplitude Attribute Reflectivity Maps 
(D) This is an amplitude map of the inverted reflectivity from the 
full-angle reflectivity showing a good spatial resolution in the 
reservoir zone. This map shows strike-oriented anomalies 
 112
related to distal sand bars within a wave-dominated delta 
system. 
(E) This is an amplitude map of the inverted reflectivity extracted 
from the near-angle substack from 3° to 15° of incidence 
angle. Positive anomalies can be seen where the K-1 and K-1D 
wells were drilled. The interpretation of this map is that the 
volume of shale effect is present in this map, displaying a 
north-south negative anomaly to the east of the K field. This 
map is similar to the full-angle reflectivity because was built 
in ranges close to the zero-incidence angle. 
(F) This is an amplitude map of the inverted reflectivity extracted 
from the far angle stack involving incidence angles ranging 
from 16° to 44°. The positive anomaly in reflectivity is 
stronger than that in the near-angle map. This response reflects 
to the rock quality more than to fluids, because the lithology of 
the reservoir is related to shaly sands. 
 
5.5 LAMÉ PARAMETERS, ROCK QUALITY, AND FLUID DISCRIMINATION 
Using P-impedance, S-impedance, and density volumes, the Lamé’s 
petrophysical parameters, lambda*rho and mu*rho, were computed and 
interpreted as lithology and fluids discriminators. 
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From the petrophysical analysis the ranges from the Lamé’s parameters 
were obtained. These values were useful to constrain the volumes from the 
petrophysical properties. 
 
5.5.1 Lambda/mu Ratio Maps 
Lambda/mu ratio is related to Vp/Vs by 
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For the S reservoir, 
31.1≅µ
λ                     smVp /3787≈    smVs /2080≈  
 
 
For the K reservoir, 
15.1≅µ
λ                      smVp /3630≈   smVs /2045≈  
 
 
 
In Figure 5.8, lambda/mu ratio final extraction is shown in a section view 
(A) and an extracted map (B) from the reservoir at 2827-2847 m through the S-2, 
S-1, and S-3 wells in  the  S  field.  The  lambda/mu  ratio section  (A)  shows  the  
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definition at the reservoir zone with a series of anomalies following the structural 
trend. The range of values of lambda/mu ratio in the reservoir for the 
petrophysical analysis is between 1.25 and 1.35. Therefore, according to the scale 
in the left of the figure, the anomalies in yellow and red correspond to the range 
of values in which the gas reservoir is included. This section shows a series of 
interrupted anomalies at the reservoir interval. Otherwise there are a good 
continuity amplitude anomalies, above and below the reservoir, where shaly rocks 
have been drilled, which means that the best response in the lambda/mu ratio map 
is related to shaly intervals. 
The map (B) on the right was extracted from a seismic horizon tied with 
the top of the sand of the reservoir. This map is displaying anomalies with values 
for lambda/mu ratio between 1.05 and 1.25 oriented north-south. These anomalies 
show that wells S-1 and S-6 have been drilled in low values of lambda/mu ratio 
and wells S-2, and S-3 were drilled in a high value of lambda/mu ratio. 
Lithologically this means, that wells S-1 and S-6 must be more sandy than 
wells S-2 and S-3, which is the case. In this map, lambda/mu ratio is useful to 
discriminate lithology from sands and shales. Comparing this lambda/mu ratio 
map against that from post-stack reflectivity map in Figure 4.10A (Chapter 4), it 
can be shown that the lambda/mu ratio map is useful as a lithologic discriminator. 
Strike-oriented anomalies related to delta-front sand bars are displayed in this 
lambda/mu ratio map. 
 116
In Figure 5.9, lambda/mu ratio final extraction is shown in a section view 
(A) and extracted map (B) from the reservoir at 3450-3460 meters through the K-
1,  and K-1D  wells in the K field.  The lambda/mu ratio section (A)  shows the  
definition at the reservoir zone with a series of anomalies following the structural 
pattern. The range of values of lambda/mu in the reservoir for the petrophysical 
analysis is between 1.2 and 1.3. Anomalies in yellow and red correspond to the 
range of values in which the gas reservoir is included. The section shows similar 
values of lambda/mu ratio and it is difficult to discriminate lithology at the 
reservoir interval because the values are similar. Comparing this lambda/mu ratio 
map with the post-stack reflectivity map, they are the similar, showing a large 
anomaly in the K field zone related to distal sand bars. The lambda/mu ratio map 
shows higher values spatially distributed throughout the reservoir zone 
The map (B) on the right was extracted from a seismic horizon on the top 
of the reservoir. This map is displaying anomalies with values for lambda/mu 
ratio between 1.45 and 1.6 oriented north-south. These anomalies are suggesting a 
strong influence of the shales present in the reservoir rock, that masking the 
possibility to discriminate between fluids. The interpretation of this map is that 
lambda/mu ratio in the K field is discriminating between sands and shales, 
showing high-value anomalies related to distal sand bars. 
Figures 5.10 and 5.11 show a comparison between post-stack bandlimited 
impedance and lambda/mu ratio. Figure 5.10 corresponds to the S field area. 
Lambda/mu ratio is showing some similarities with the bandlimited P_impedance 
map   in   north-south   oriented   negative    amplitude    anomalies.    Figure  5.11  
 117 
Fi
gu
re
 5
.9
 S
ec
tio
n 
an
d 
m
ap
 sh
ow
in
g 
th
e 
ex
tra
ct
io
n 
of
 la
m
bd
a/
m
u 
ra
tio
 in
 th
e 
K
 fi
el
d.
 
 118 
Figure 5.10 Comparison between lambda/mu ratio and bandlimited P_impedance 
from post-stack seismic inversion, displaying similarities in the 
reservoir zone from the S field, indicating north-south amplitude 
anomalies related to sand bodies. 
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Figure 5.11 Comparison between lambda./mu ratio and bandlimited P_impedance 
from post-stack seismic inversion showing strike oriented anomalies. 
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corresponds to the K field area and displays negative amplitude anomalies in the 
bandlimited P_impedance map correlating to high values in the lambda/mu map. 
 
5.6 CONCLUSIONS 
The conclusion of this chapter is that rock quality maps was done with 
simultaneous inversion methodology using the Lamé’s parameters of lambda/mu 
ratio, lambda*rho, or mu*rho. 
The shale content effect is present in crossplots, masking fluid 
discrimination in the S and K fields. 
Rock quality discrimination could be done in S field because the 
stratigraphic characteristics of clean, and high porosity sandstones helped to 
define the reservoirs. 
K field lithologic characteristics consisting in shaly sandstones, and thin 
beds was possible to determine rock quality in the reservoir zone. 
Comparison between bandlimited P_impedance maps from post-stack 
inversion and lambda/mu ratio maps shows a good correlation, showing nearly the 
same strike-oriented amplitude anomalies. 
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Chapter 6 
Discussion of Results 
6.1 STRUCTURE 
Two structural systems were identified in the Burgos Basin: (1) a 
Laramide compressional system affecting Upper Paleogene and Mesozoic rocks 
characterized by reverse faulting, and (2) an extensional system characterized by 
low-angle normal faulting affecting Paleogene-Recent rocks. 
A decoupling (detachment) level separating both structural systems was 
identified between at the base of Paleogene, where the deepest low-angle normal 
faults converge. This detachment level is located in the top of Cretaceous in the 
west portion of the area and at the base of the Jackson Formation in the central-
east portion of the Burgos Basin. 
Growth faults are curvilinear in map view, are very continuous, and are 
several kilometers long. The main growth faults bound five structural blocks in 
which the main reservoirs have been identified. Vicksburg reservoirs in the 
Burgos Basin are very productive down-dip growth faults, and the reservoirs 
occur mostly in rollover anticline traps where fault closures play important roles 
as seals. The Vicksburg Formation is very complex because of sliding on the 
unstable shales of the Jackson Group.  
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6.2 STRATIGRAPHY 
A stratigraphic framework was delineated by identifying and correlating, 
flooding surfaces associated with six stratigraphic units, named A to F, within the 
Vicksburg Formation. These units are constrained to fault-bounded, structurally-
defined provinces. 
The stratigraphic framework is very similar between South Texas and 
northern México because the major flooding-surface marker horizons that define 
the Vicksburg stratigraphy in the Burgos Basin can be correlated north into Texas. 
The producing intervals in South Texas fields can be identified and assigned to 
equivalent genetic stratigraphic intervals of the Burgos Basin. The depositional 
architectures of delta-flank, shoreface, and beach-ridge facies as well as delta 
mouth bar and distributary channel facies in Vicksburg reservoirs of Texas are 
also comparable to those in the Burgos Basin. 
 
6.3 PETROPHYSICS 
Petrophysical analysis is a fundamental process in any inversion project. A 
well log data base including porosity, density, gamma ray, and sonic curves is 
necessary to establish meaningful relationships between rocks and fluids.  
 
Crossplotting was useful in defining petrophysical reservoir intervals of 
interest and was helpful in discriminating fluids and rocks at key wells. 
Lamé’s petrophysical parameters, lambda*rho, mu*rho, and lambda/mu, 
were used as control points in the pre-stack seismic inversion process. 
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 A well log data base including porosity, density, gamma ray, and sonic 
curves was necessary for such an analysis and for establishing the relationship 
between rocks and fluids. The methodology used here consisted of log editing and 
computating shale volume, effective porosity, water saturation, and elastic 
properties. Mud filtrate invasion in sonic and density well logs is present because 
the environmental effects were not totally corrected for. 
Crossplotting was useful for defining the petrophysical properties in 
reservoir intervals of interest and was helpful for discriminating between fluids 
and rocks at key wells. As a result of this, high P_impedance sandstones were 
defined with crossplots and low density linked to low values of lambdarho were 
used to discriminate fluid at seismic frequency. 
Lamé’s petrophysical parameters, lambda*rho and mu*rho, were analyzed 
as tool for fluid and lithology discriminators. Clean and good porosity sandstone 
from S field provided the best way to discriminate between fluid and lithology; 
shaly sandstone from K reservoir having low porosity does not show a gas effect 
in fluid-substitution modeling. 
However, the shale effect, the mud filtrate invasion, and the presence of 
gas are the most important issues in this petrophysical analysis and are present in 
all data. 
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6.4 POST-STACK INVERSION 
Reflectivity modeling is a good tool for stratigraphic analysis at reservoir 
scale. The stratigraphic model can be used in several ways to improve the 
reflectivity model. 
All of these steps are used to tie well log data to seismic or reflectivity. 
The interpretation of flooding surfaces from well log models and 
reflectivity models provides an additional control on time-depth relationships. The 
flooding surfaces interpreted in northern México were correlated with those in 
South Texas because there are similar characteristics in well response and it is 
easy to recognize them. 
Inverted reflectivity modeling helped to improve the vertical resolution 
and horizontal continuity of seismic events. Amplitude attribute maps extracted 
from reflectivity at reservoir intervals showed better defined sequences and the 
reservoir boundaries could be spatially delineated. 
Reflectivity amplitude maps were constructed to make the interpretation 
of the sedimentary model based on the reflectivity. The final attribute maps 
helped in the development of the gas fields, positioning new wells and better 
relocating some programmed wells. 
In the S field, the facies architecture consists of ridge sand bars deposited 
along the front and margins of the delta, where the amalgamated ridge sand bars 
impart first-order strike orientation to the delta framework. Ridge sand bars 
coarsen upward and are produced by progradation of a marine shoreface. 
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In K field, the facies architecture is correlated to distal bar deposits 
composed of interbedded sands, silt, and mud. Upward, the proportion and 
thickness of sand and silt beds increase. The interbedded sequence grades into 
hummocky, planar, or low-angle trough cross-stratified sand.  
The final attribute maps helped in the development of the gas fields, 
positioning new wells and better relocating some programmed wells. 
 
6.5 ANGLE-DEPENDENT INVERSION 
Rock quality maps were done with simultaneous inversion methodology 
using the Lamé’s parameters like lambda/mu ratio, lambda*rho or mu*rho. 
Shale content effect is present in crossplots, masking fluid discrimination 
in S and K fields. 
Rock quality discrimination could be done in S field because the 
stratigraphic characteristics of clean, high-porosity sandstones helped to define 
the reservoirs. 
K field lithologic characteristics consisting in shaly sandstones, and thin 
beds was possible to determine rock quality in the reservoir zone. 
Comparison between bandlimited P_impedance maps from post-stack 
inversion and lambda/mu ratio maps shows a good correlation, showing slightly 
the same strike-oriented amplitude anomalies. 
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Appendix A 
Well Database 
WELL  
LOG START DEPTH 
(METERS) 
STOP DEPTH 
(METERS) 
STEP 
(METERS UWI 
ELEV. 
(METERS) ELEV TYPE 
A-1 0.0764 2706.8523 0.1524 1010003880 88.52 KB 
BAZ-1 20.1170 2456.2305 0.1524 1010003881 58.55 KB 
BER-1 25.1524 2685.1472 0.1524 1010000148 71.30 KB 
BER-2 492.0000 2500.9400 0.1524 1010000149 65.00 KB 
BER-3 295.0000 2100.0291 0.1524 1010000150 82.00 KB 
CA-1 398.2500 2799.9260 0.1524 1010000217 43.00 KB 
CA-3 25.0000 4009.9631 0.1524 1010000218 36.30 KB 
CA-3D 792.0000 2707.1250 0.1250 1010000219 37.00 KB 
CA-3T 1395.0000 2310.0000 0.2500 1010000220 37.10 KB 
CA-5 302.2500 2553.0000 0.1250 1010000221 38.00 KB 
CA-7 20.2618 2530.9041 0.1524 1010000222 36.40 KB 
CA_OR-1 505.0000 2404.7500 0.2500 1010000323 42.00 KB 
CA_OR-2 975.0000 2700.0000 0.2500 1010000324 42.00 KB 
CA_OR-3 500.0000 2600.0757 0.1524 1010000325 44.00 KB 
CHI-1 155.0000 2499.9834 0.1524 1010000257 59.00 KB 
DRA-1 20.0203 3874.5188 0.1000 1010001430 77.32 KB 
EC-1 17.9834 2799.8931 0.1524 1010001115 67.00 KB 
EM-1 5.0000 2010.1266 0.1524 1010003785 82.01 KB 
ES-1 25.0549 3192.3047 0.1250 1010000600 59.00 KB 
GAL-1 25.5274 2109.9021 0.1250 6699856 76.05 KB 
GALI-1 29.1084 2514.1421 0.1524 448890765 64.13 KB 
GAR-1 144.2380 2509.4827 0.1524 1010000687 85.00 KB 
IND-1 3.5049 2128.8730 0.1524 123450008 60.21 KB 
K-1 12.0000 3707.5459 0.1524 1010003882 107.50 KB 
K-1D 18.0000 3517.5459 0.1524 1010003882 95.50 KB 
LAT-1 50.0000 2999.8601 0.1524 1010000811 85.00 KB 
L-101 25.0000 1901.3525 0.1524 1010000769 67.00 KB 
L-102 230.0000 1985.0000 0.2500 1010000770 66.00 KB 
L-107 260.0000 2140.4673 0.1524 1010000771 71.00 KB 
L-115 35.0000 2905.7500 0.2500 1010000773 47.00 KB 
L-116 25.0000 1950.0000 0.2500 1010000774 87.00 KB 
L-117 250.0000 1900.0000 0.2500 1010000775 96.00 KB 
L-123 1375.0000 1994.5000 0.1250 1010000776 64.00 KB 
L-128 50.0000 2495.0000 0.2500 1010000777 74.00 KB 
L-138 25.0000 1900.0000 0.2500 1010000779 84.00 KB 
L-141 300.0000 1900.0000 0.2500 1010000780 97.00 KB 
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L-160 275.0000 1800.0000 0.2500 1010000781 78.00 KB 
L-161 25.0000 1850.0000 0.2500 1010000782 83.97 KB 
L-162 25.0000 1600.0000 0.2500 1010000783 88.00 KB 
L-164 25.0000 2609.8616 0.1524 1010000784 50.00 KB 
L-170 271.5000 1800.0000 0.1250 1010000786 56.00 KB 
L-171 280.0000 1575.0000 0.2500 1010000787 43.00 KB 
L-173 300.0000 1800.0000 0.2500 1010000788 58.00 KB 
L-174 275.0000 1800.0000 0.2500 1010000789 59.00 KB 
L-175 300.0000 1590.0000 0.2500 1010000790 57.00 KB 
L-176 250.3048 1589.9008 0.3048 1010000791 55.00 KB 
L-185 275.0000 2149.9810 0.1524 1010000792 48.20 KB 
L-186 401.5240 2500.0720 0.3048 1010000793 73.00 KB 
L-193 398.7500 2400.0703 0.1524 1010000794 53.00 KB 
L-193D 400.0000 2000.0000 0.2500 1010000795 53.00 KB 
L-195 400.0000 2400.8635 0.1524 1010000796 57.00 KB 
L-200 400.0000 2400.0000 0.2500 1010000797 76.00 KB 
L-203 25.0000 2500.0000 0.2500 1010000798 96.10 KB 
L-206A 25.0952 2599.8984 0.1524 1010000799 43.60 KB 
L-208 182.8804 2400.4570 0.0762 1010000800 64.00 KB 
L-212 400.0000 2510.0000 0.2500 1010000801 102.00 KB 
L-214 275.0000 1800.0000 0.2500 1010000802 93.00 KB 
L-215 250.0000 2000.0000 0.2500 1010000803 92.00 KB 
L-217 275.0000 1800.0000 0.2500 1010000804 74.00 KB 
L-219 275.0000 1850.0000 0.2500 1010000805 80.50 KB 
L-224 250.0000 1449.9976 0.3048 1010000806 85.00 KB 
L-225 275.0000 1600.0000 0.2500 1010000807 113.00 KB 
L-226A 275.0000 1575.0000 0.2500 1010000808 98.00 KB 
MAC-1 0.0640 3031.9634 0.1000 1010000875 73.80 KB 
M-1 65.2273 1825.7175 0.0381 1010000831 40.00 KB 
M-2 92.9642 1852.9591 0.0762 1010000832 42.00 KB 
M-3 182.8804 2449.9602 0.0762 1010000833 45.00 KB 
M-4 185.9284 537.8969 0.0762 1010000834 45.00 KB 
M-8 4.8768 1642.9515 0.0762 1010000835 45.00 KB 
M-9 4.8768 559.3091 0.0381 1010000836 43.00 KB 
M-10 306.3246 1947.9808 0.0762 1010000837 45.00 KB 
M-11 9.4480 2068.9866 0.0762 1010000838 43.00 KB 
M-13 15.2400 3004.4958 0.0762 1010000839 40.00 KB 
M-14 182.8804 2631.5723 0.0762 1010000840 39.00 KB 
M-15 182.8804 2274.9556 0.0762 1010000841 39.00 KB 
M-16 274.3206 1909.1567 0.0762 1010000842 40.00 KB 
M-17 15.2400 502.8448 0.0762 1010000843 41.00 KB 
M-18 91.4633 579.8554 0.0762 1010000844 42.00 KB 
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M-19 91.4402 578.9688 0.0762 1010000845 36.00 KB 
M-20 91.4402 672.0092 0.0762 1010000846 50.00 KB 
M-22 91.4402 464.8209 0.0762 1010000848 36.00 KB 
M-23 496.5000 2250.0718 0.1524 1010000849 41.00 KB 
M-24 500.0000 2205.0000 0.2500 1010000850 43.00 KB 
M-25 300.0309 1524.9598 0.0465 1010000851 41.00 KB 
M-26 300.0000 1525.0000 0.2500 1010000852 38.00 KB 
M-27 325.0000 1325.0000 0.2500 1010000853 40.00 KB 
M-28 300.0000 1525.0000 0.2500 1010000854 39.00 KB 
M-29 300.0000 1515.0000 0.2500 1010000855 38.00 KB 
M-30 300.0000 1525.0000 0.2500 1010000856 39.00 KB 
M-31 300.0000 1525.0000 0.2500 1010000857 39.00 KB 
M-32 300.0000 1510.0000 0.2500 1010000858 36.00 KB 
M-33 300.0000 1525.0000 0.2500 1010000859 41.00 KB 
M-34 91.4402 464.8209 0.0762 1010000860 41.00 KB 
M-35 300.0000 1525.0000 0.2500 1010000861 40.00 KB 
M-36 300.0000 1525.0000 0.2500 1010000862 40.00 KB 
M-37 300.0000 1525.0000 0.2500 1010000863 41.00 KB 
M-38 305.0000 1525.0000 0.2500 1010000864 42.00 KB 
M-39 300.0000 1520.0000 0.2500 1010000865 40.00 KB 
M-40 300.0000 1520.0000 0.2500 1010000866 39.00 KB 
M-41 305.0000 1510.0000 0.2500 1010000867 42.00 KB 
M-42 300.0000 1525.0000 0.2500 1010000868 41.00 KB 
M-43 800.0000 2705.0000 0.2500 1010000869 41.00 KB 
M-45 293.2494 3399.9744 0.1524 1010000870 45.00 KB 
M-46 6.2484 2104.9487 0.1524 1010000871 41.00 KB 
M-47 141.2748 2101.2908 0.1524 1010000872 41.00 KB 
M-62 22.6960 2098.4956 0.1000 1010003917 41.00 KB 
M-63 17.6510 2139.4009 0.1250 1010003056 39.00 KB 
M-1001 34.5187 3437.4651 0.0762 1010002817 41.00 KB 
M-2001 300.0000 2494.4880 0.1524 1010002859 46.90 KB 
PAS-14 300.0000 2550.0337 0.3048 1010001237 85.20 KB 
RIB-1 25.0000 4499.9282 0.1524 1010001271 69.00 KB 
SAN JAC-1 24.5000 2499.9380 0.1524 1010001585 62.00 KB 
S-1 17.6361 3367.8831 0.1250 1010003672 115.00 KB 
S-2 10.3524 3125.7129 0.1524 1010004122 100.00 KB 
S-3 15.3524 3005.7129 0.1524 1010004162 85.00 KB 
S-102 129.2350 1907.2858 0.1524 1010000560 82.00 KB 
Table A.1 Data base of the wells used on this study. 
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Appendix B 
Time Depth Tables and Velocity Graphs 
A-1      
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0.00 0.00 0.0 0 0 
7.40 7.06 3.5 2096.32 2096.32 
107.40 146.40 73.2 1467.21 1435.34 
207.50 237.80 118.9 1745.16 2190.37 
307.40 301.00 150.5 2042.52 3161.39 
407.50 372.80 186.4 2186.16 2788.30 
507.40 453.00 226.5 2240.18 2491.27 
607.50 519.80 259.9 2337.44 2997.01 
707.50 596.60 298.3 2371.77 2604.17 
807.50 682.60 341.3 2365.95 2325.58 
907.50 737.00 368.5 2462.69 3676.47 
1007.50 792.80 396.4 2541.62 3584.23 
1107.50 850.40 425.2 2604.66 3472.22 
1207.50 926.40 463.2 2606.87 2631.58 
1307.50 987.00 493.5 2649.44 3300.33 
1407.50 1045.00 522.5 2693.78 3448.28 
1507.50 1103.00 551.5 2733.45 3448.28 
1607.50 1166.00 583.0 2757.29 3174.60 
1707.40 1223.00 611.5 2792.15 3505.26 
1807.50 1293.00 646.5 2795.82 2860.00 
1907.50 1377.00 688.5 2770.52 2380.95 
2007.40 1454.00 727.0 2761.21 2594.81 
2107.50 1529.00 764.5 2756.70 2669.33 
2207.50 1604.00 802.0 2752.49 2666.67 
2307.40 1674.00 837.0 2756.75 2854.29 
2407.50 1746.00 873.0 2757.73 2780.56 
2507.50 1819.00 909.5 2757.01 2739.73 
2607.50 1898.00 949.0 2747.63 2531.65 
Table B.1 Velocity data from the A-1 well. 
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Figure B.1 Time-depth graph and interval velocities from the A-1 well 
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Baz-1     
Depth 
(m) 
Two-
way 
time 
(ms) 
One 
way-
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
30 28.47 14.2 2107.48 2107.48 
90 85.4 42.7 2107.73 2107.85 
150 143.37 71.7 2092.49 2070.04 
210 199.61 99.8 2104.10 2133.71 
270 254.13 127.1 2124.90 2201.03 
330 304.81 152.4 2165.28 2367.80 
390 356.23 178.1 2189.60 2333.72 
420 381 190.5 2204.72 2422.29 
480 431.2 215.6 2226.35 2390.44 
540 476.5 238.3 2266.53 2649.01 
600 522.93 261.5 2294.76 2584.54 
660 567.66 283.8 2325.34 2682.76 
720 609.41 304.7 2362.94 2874.25 
780 655.31 327.7 2380.55 2614.38 
840 699.33 349.7 2402.30 2726.03 
870 720.99 360.5 2413.35 2770.08 
930 762.46 381.2 2439.47 2893.66 
990 805.02 402.5 2459.57 2819.55 
1050 846.3 423.2 2481.39 2906.98 
1110 889.46 444.7 2495.90 2780.35 
1170 932.15 466.1 2510.33 2810.96 
1230 977.15 488.6 2517.53 2666.67 
1290 1015.08 507.5 2541.67 3163.72 
1350 1051.43 525.7 2567.93 3301.24 
1410 1085.76 542.9 2597.26 3495.48 
1470 1120.18 560.1 2624.58 3486.35 
1530 1153 576.5 2653.95 3656.31 
1590 1186.27 593.1 2680.67 3606.85 
1650 1220.44 610.2 2703.94 3511.85 
1710 1255.3 627.7 2724.45 3442.34 
1770 1291.99 646.0 2739.96 3270.65 
1830 1325.18 662.6 2761.89 3615.55 
1890 1358.44 679.2 2782.60 3607.94 
1950 1389.14 694.6 2807.49 3908.79 
2010 1420.38 710.2 2830.23 3841.23 
Table B.2 Velocity data from the Baz-1 well 
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0
2 0 0
4 0 0
6 0 0
8 0 0
1 0 0 0
1 2 0 0
1 4 0 0
1 6 0 0
1 8 0 0
2 0 0 0
2 2 0 0
2 4 0 0
2 6 0 0
2 8 0 0
3 0 0 0
3 2 0 0
3 4 0 0
3 6 0 0
3 8 0 0
4 0 0 0
0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0 9 0 0 1 0 0 0 1 1 0 0 1 2 0 0 1 3 0 0 1 4 0 0 1 5 0 0 1 6 0 0 1 7 0 0 1 8 0 0 1 9 0 0 2 0 0 0 2 1 0 0 2 2 0 0
dep t h ( m) t ime- d ep t h
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Figure B.2 Time-depth and interval velocities graph from the Baz-1 well. 
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Dra-1     
Depth  
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
-112.75 0 0.0 0 0 
37.25 150.4 75.2 495.35 1994.68 
209.95 304.1 152.1 1380.80 2247.23 
409.95 468.5 234.3 1750.05 2433.09 
609.95 618.9 309.5 1971.08 2659.57 
809.95 774.9 387.5 2090.46 2564.10 
1009.95 937.8 468.9 2153.87 2455.49 
1109.85 1025.9 513.0 2163.66 2267.88 
1209.75 1113.3 556.7 2173.27 2286.04 
1309.05 1196.1 598.1 2188.86 2398.55 
1406.55 1277.2 638.6 2202.55 2404.44 
1500.25 1353.1 676.6 2217.50 2469.04 
1588.35 1423.9 712.0 2230.99 2488.70 
1672.05 1474.4 737.2 2268.11 3314.85 
1754.55 1526.2 763.1 2299.24 3185.33 
1835.85 1581.1 790.6 2322.24 2961.75 
1916.15 1630.1 815.1 2350.96 3277.55 
1997.55 1686.7 843.4 2368.59 2876.33 
2079.45 1743.5 871.8 2385.37 2883.80 
2162.75 1804.9 902.5 2396.53 2713.36 
2248.45 1877 938.5 2395.79 2377.25 
2333.55 1954 977.0 2388.49 2210.39 
2416.45 2029.4 1014.7 2381.44 2198.94 
2499.65 2103.4 1051.7 2376.77 2248.65 
2581.75 2178.6 1089.3 2370.10 2183.51 
2663.95 2248.1 1124.1 2369.96 2365.47 
2745.75 2300.6 1150.3 2386.99 3116.19 
2826.95 2355.6 1177.8 2400.20 2952.73 
2907.85 2417.7 1208.9 2405.47 2605.48 
2988.75 2478.6 1239.3 2411.64 2656.81 
3070.45 2539.7 1269.9 2417.96 2674.30 
3236.25 2627.2 1313.6 2463.65 3789.71 
Table B.3 Velocity data from the Dra-1 well 
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0
2 0 0
4 0 0
6 0 0
8 0 0
10 0 0
12 0 0
14 0 0
16 0 0
18 0 0
2 0 0 0
2 2 0 0
2 4 0 0
2 6 0 0
2 8 0 0
3 0 0 0
3 2 0 0
3 4 0 0
3 6 0 0
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Figure B.3 Time-depth and interval velocities graph from the Dra-1 well. 
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Ec-1     
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 0 
116 100 50.0 2320.00 2320.00 
233.3 200 100.0 2333.00 2346.00 
347.7 300 150.0 2318.00 2288.00 
466.4 400 200.0 2332.00 2374.00 
593.5 500 250.0 2374.00 2542.00 
727.3 600 300.0 2424.33 2676.00 
867.4 700 350.0 2478.29 2802.00 
1008.5 800 400.0 2521.25 2822.00 
1156.4 900 450.0 2569.78 2958.00 
1299 1000 500.0 2598.00 2852.00 
1449 1100 550.0 2634.55 3000.00 
1609.7 1200 600.0 2682.83 3214.00 
1787.9 1300 650.0 2750.62 3564.00 
1961 1400 700.0 2801.43 3462.00 
2119.6 1500 750.0 2826.13 3172.00 
2273.2 1600 800.0 2841.50 3072.00 
2415.7 1700 850.0 2842.00 2850.00 
2555.8 1800 900.0 2839.78 2802.00 
2698.2 1900 950.0 2840.21 2848.00 
2712.5 1910 955.0 2840.31 2860.00 
Table B.4 Velocity data from the Ec-1 well. 
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0
2 0 0
4 0 0
6 0 0
8 0 0
1 0 0 0
1 2 0 0
1 4 0 0
1 6 0 0
1 8 0 0
2 0 0 0
2 2 0 0
2 4 0 0
2 6 0 0
2 8 0 0
3 0 0 0
3 2 0 0
3 4 0 0
3 6 0 0
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t ime- d ept h
Int erval
V elocit y  
Figure B.4 Time-depth and interval velocities data from the Ec-1 well. 
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Em-1     
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 0 
121.9 100 50.0 2438.00 2438.00 
217 200 100.0 2170.00 1902.00 
317.5 300 150.0 2116.67 2010.00 
446 400 200.0 2230.00 2570.00 
591 500 250.0 2364.00 2900.00 
742.1 600 300.0 2473.67 3022.00 
898.4 700 350.0 2566.86 3126.00 
1046.7 800 400.0 2616.75 2966.00 
1203.9 900 450.0 2675.33 3144.00 
1373.1 1000 500.0 2746.20 3384.00 
1540.6 1100 550.0 2801.09 3350.00 
1706.2 1200 600.0 2843.67 3312.00 
1866.2 1300 650.0 2871.08 3200.00 
1998.9 1380 690.0 2896.96 3317.50 
Table B.5 Velocity data from the Em-1 well 
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0
2 0 0
4 0 0
6 0 0
8 0 0
10 0 0
12 0 0
14 0 0
16 0 0
18 0 0
2 0 0 0
2 2 0 0
2 4 0 0
2 6 0 0
2 8 0 0
3 0 0 0
3 2 0 0
3 4 0 0
3 6 0 0
0 10 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0 9 0 0 10 0 0 110 0 12 0 0 13 0 0 14 0 0 15 0 0 16 0 0 17 0 0 18 0 0 19 0 0 2 0 0 0
d ep t h ( m) t ime- d ep t h
Int erval velo cit y  
Figure B.5 Time-depth and interval velocities graph from the Em-1 well. 
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Gal-1     
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s  
0 0 0.0 0 0 
90 100 50.0 1800.00 1800.00 
191.5 200 100.0 1915.00 2030.00 
303.7 300 150.0 2024.67 2244.00 
428.9 400 200.0 2144.50 2504.00 
557.9 500 250.0 2231.60 2580.00 
689.5 600 300.0 2298.33 2632.00 
828.4 700 350.0 2366.86 2778.00 
970.6 800 400.0 2426.50 2844.00 
1122.9 900 450.0 2495.33 3046.00 
1285.5 1000 500.0 2571.00 3252.00 
1451.4 1100 550.0 2638.91 3318.00 
1621.1 1200 600.0 2701.83 3394.00 
1777.9 1300 650.0 2735.23 3136.00 
1927.7 1400 700.0 2753.86 2996.00 
2000.3 1450 725.0 2759.03 2904.00 
Table B.6 Velocity data from the Gal-1 well 
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0
2 0 0
4 0 0
6 0 0
8 0 0
1 0 0 0
1 2 0 0
1 4 0 0
1 6 0 0
1 8 0 0
2 0 0 0
2 2 0 0
2 4 0 0
2 6 0 0
2 8 0 0
3 0 0 0
3 2 0 0
3 4 0 0
3 6 0 0
0 1 0 0 2 0 0 3 0 0 4 0 0 5 0 0 6 0 0 7 0 0 8 0 0 9 0 0 1 0 0 0 1 1 0 0 1 2 0 0 1 3 0 0 1 4 0 0 1 5 0 0 1 6 0 0 1 7 0 0 1 8 0 0 1 9 0 0 2 0 0 0 2 1 0 0
d ep t h ( m) t ime- d ep t h
Int erval velocit y  
Figure B.6 Time-depth and interval velocities graph from the Gal-1 well. 
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Table B.7 Velocity data from the Gali-1 well 
 
 
 
 
Gali-1     
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 0 
93.8 100 50.0 1876.00 1876.00 
196.7 200 100.0 1967.00 2058.00 
308.1 300 150.0 2054.00 2228.00 
428.4 400 200.0 2142.00 2406.00 
557.6 500 250.0 2230.40 2584.00 
690.3 600 300.0 2301.00 2654.00 
827.1 700 350.0 2363.14 2736.00 
967.1 800 400.0 2417.75 2800.00 
1110.3 900 450.0 2467.33 2864.00 
1270 1000 500.0 2540.00 3194.00 
1442.7 1100 550.0 2623.09 3454.00 
1612.5 1200 600.0 2687.50 3396.00 
1787.1 1300 650.0 2749.38 3492.00 
1972.9 1400 700.0 2818.43 3716.00 
2142.1 1500 750.0 2856.13 3384.00 
2312.2 1600 800.0 2890.25 3402.00 
2439.9 1670 835.0 2922.04 3648.57 
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Figure B.7 Time-depth and interval velocities from the Gali-1 well. 
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Ind-1     
Depth  
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 0 
100 108.9 54.5 1836.55 1836.55 
200 217.7 108.9 1837.39 1838.24 
300 321.2 160.6 1868.00 1932.37 
400 403.1 201.6 1984.62 2442.00 
500 485.1 242.6 2061.43 2439.02 
600 565.4 282.7 2122.39 2490.66 
700 639.6 319.8 2188.87 2695.42 
800 713.7 356.9 2241.84 2699.06 
900 787.9 394.0 2284.55 2695.42 
1000 861.2 430.6 2322.34 2728.51 
1100 934.6 467.3 2353.95 2724.80 
1200 1005 502.5 2388.06 2840.91 
1300 1063.7 531.9 2444.30 3407.16 
1400 1122.4 561.2 2494.65 3407.16 
1500 1182 591.0 2538.07 3355.70 
1560 1217.3 608.7 2563.05 3399.43 
1600 1240.1 620.1 2580.44 3508.77 
1660 1274.7 637.4 2604.53 3468.21 
1700 1295.3 647.7 2624.87 3883.50 
1760 1328.6 664.3 2649.41 3603.60 
1800 1353.5 676.8 2659.77 3212.85 
1860 1383.4 691.7 2689.03 4013.38 
1900 1403 701.5 2708.48 4081.63 
1960 1433.1 716.6 2735.33 3986.71 
1980 1444.6 722.3 2741.24 3478.26 
1994 1450.7 725.4 2749.02 4590.16 
Table B.8 Velocity data from the Ind-1 well 
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0
2 0 0
4 0 0
6 0 0
8 0 0
10 0 0
12 0 0
14 0 0
16 0 0
18 0 0
2 0 0 0
2 2 0 0
2 4 0 0
2 6 0 0
2 8 0 0
3 0 0 0
3 2 0 0
3 4 0 0
3 6 0 0
3 8 0 0
4 0 0 0
4 2 0 0
4 4 0 0
4 6 0 0
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dep t h ( m) t ime-depth
interval velocity  
Figure B.8 Time-depth and interval velocities graph from the Ind-1 well. 
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K-1     
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 0 
100 95.1 47.6 2103.05 2103.05 
200 188.4 94.2 2123.14 2143.62 
400 369.8 184.9 2163.33 2293.58 
500 451.1 225.6 2216.80 2460.02 
600 532.3 266.2 2254.37 2463.05 
700 613.5 306.8 2281.99 2463.05 
800 690.6 345.3 2316.83 2594.03 
900 762.8 381.4 2359.73 2770.08 
1000 832.9 416.5 2401.25 2853.07 
1100 903 451.5 2436.32 2853.07 
1200 970 485.0 2474.23 2985.07 
1300 1033.6 516.8 2515.48 3144.65 
1400 1095.7 547.9 2555.44 3220.61 
1500 1156.1 578.1 2594.93 3311.26 
1700 1273.8 636.9 2669.18 3401.36 
1800 1330.3 665.2 2706.16 3539.82 
1900 1389.3 694.7 2735.19 3389.83 
2000 1444.3 722.2 2769.51 3636.36 
2200 1566 783.0 2809.71 3236.25 
2400 1684 842.0 2850.36 3521.13 
2500 1738.3 869.2 2876.37 3683.24 
2600 1790.3 895.2 2904.54 3846.15 
2700 1857.9 929.0 2906.51 2958.58 
2800 1930.9 965.5 2900.20 2739.73 
2900 2004 1002.0 2894.21 2735.98 
3000 2075.2 1037.6 2891.29 2808.99 
3100 2147.3 1073.7 2887.35 2773.93 
3200 2217.4 1108.7 2886.26 2853.07 
3300 2291.7 1145.9 2879.96 2691.79 
3400 2361.7 1180.9 2879.28 2857.14 
3500 2425.4 1212.7 2886.12 3139.72 
3600 2495.3 1247.7 2885.42 2861.23 
3640 2517.8 1258.9 2891.41 3555.56 
Table B.9 Velocity data from the Ind-1 well 
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Figure B.9 Time-depth and interval velocities graph from the K-1 well. 
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Mac-1     
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 0 
226 278 139.0 1625.90 1625.90 
526 510 255.0 2062.75 2586.21 
726 650 325.0 2233.85 2857.14 
1026 858 429.0 2391.61 2884.62 
1226 992 496.0 2471.77 2985.07 
1501 1178 589.0 2548.39 2956.99 
1751 1316 658.0 2661.09 3623.19 
2001 1472 736.0 2718.75 3205.13 
2251 1628 814.0 2765.36 3205.13 
2501 1782 891.0 2806.96 3246.75 
2751 1924 962.0 2859.67 3521.13 
2926 2016 1008.0 2902.78 3804.35 
Table B.10 Velocity data from the Mac-1 well 
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Figure B.10 Time-depth and interval velocities graph from the Mac-1 well. 
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M-1001     
Depth  
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0.0 0.0 0 0 
200 208.5 104.3 1918.47 1918.47 
400 385.0 192.5 2077.92 2266.29 
600 539.0 269.5 2226.35 2597.40 
800 687.0 343.5 2328.97 2702.70 
1000 833.0 416.5 2400.96 2739.73 
1200 972.0 486.0 2469.14 2877.70 
1450 1118.0 559.0 2593.92 3424.66 
1650 1236.0 618.0 2669.90 3389.83 
1850 1366.0 683.0 2708.64 3076.92 
2060 1511.0 755.5 2726.67 2896.55 
2270 1648.0 824.0 2754.85 3065.69 
2500 1795.0 897.5 2785.52 3129.25 
2715 1926.0 963.0 2819.31 3282.44 
2930 2059.0 1029.5 2846.04 3233.08 
3140 2201.0 1100.5 2853.25 2957.75 
3300 2330.0 1165.0 2832.62 2480.62 
Table B.11Velocity data from the M-1001 well 
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Figure B.11 Time-depth and interval velocities from the M-1001 well. 
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S-1     
Depth  
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 2158.27 
150 139 69.5 2158.27 2158.27 
255 232 116.0 2198.28 2258.06 
355 314 157.0 2261.15 2439.02 
465 397 198.5 2342.57 2650.60 
560 471 235.5 2377.92 2567.57 
660 540 270.0 2444.44 2898.55 
760 609 304.5 2495.89 2898.55 
860 678 339.0 2536.87 2898.55 
955 742 371.0 2574.12 2968.75 
1065 810 405.0 2629.63 3235.29 
1175 882 441.0 2664.40 3055.56 
1280 950 475.0 2694.74 3088.24 
1385 1015 507.5 2729.06 3230.77 
1485 1074 537.0 2765.36 3389.83 
1590 1133 566.5 2806.71 3559.32 
1690 1188 594.0 2845.12 3636.36 
1795 1248 624.0 2876.60 3500.00 
1890 1304 652.0 2898.77 3392.86 
1990 1364 682.0 2917.89 3333.33 
2095 1422 711.0 2946.55 3620.69 
2200 1478 739.0 2977.00 3750.00 
2290 1540 770.0 2974.03 2903.23 
2390 1614 807.0 2961.59 2702.70 
2490 1692 846.0 2943.26 2564.10 
2590 1772 886.0 2923.25 2500.00 
2690 1850 925.0 2908.11 2564.10 
2800 1926 963.0 2907.58 2894.74 
3000 2080 1040.0 2884.62 2597.40 
Table B.12 Velocity data from the S-1 well 
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Figure B.12 Time-depth and interval velocities graph from the S-1 well. 
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S-2     
Depth 
(m) 
Two-
way 
time 
(ms) 
One-
way 
time 
(ms) 
Average 
Velocity 
m/s 
Interval 
Velocity 
m/s 
0 0 0.0 0 0 
150 139 69.5 2158.27 2158.27 
255 232 116.0 2198.28 2258.06 
355 314 157.0 2261.15 2439.02 
465 397 198.5 2342.57 2650.60 
560 471 235.5 2377.92 2567.57 
660 540 270.0 2444.44 2898.55 
760 609 304.5 2495.89 2898.55 
860 678 339.0 2536.87 2898.55 
955 742 371.0 2574.12 2968.75 
1065 810 405.0 2629.63 3235.29 
1175 882 441.0 2664.40 3055.56 
1280 950 475.0 2694.74 3088.24 
1385 1015 507.5 2729.06 3230.77 
1485 1074 537.0 2765.36 3389.83 
1590 1133 566.5 2806.71 3559.32 
1690 1188 594.0 2845.12 3636.36 
1795 1248 624.0 2876.60 3500.00 
1890 1304 652.0 2898.77 3392.86 
1990 1364 682.0 2917.89 3333.33 
2095 1422 711.0 2946.55 3620.69 
2200 1478 739.0 2977.00 3750.00 
2290 1540 770.0 2974.03 2903.23 
2390 1614 807.0 2961.59 2702.70 
2490 1692 846.0 2943.26 2564.10 
2590 1772 886.0 2923.25 2500.00 
2690 1850 925.0 2908.11 2564.10 
2800 1926 963.0 2907.58 2894.74 
3000 2080 1040.0 2884.62 2597.40 
Table B.13 Velocity data from the S-2 well 
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Figure B.13 Time-depth and interval velocities from the S-2 well. 
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Appendix C 
Cored Intervals 
 
Well name 
CORE_1 
(meters) 
CORE_2 
(meters) 
CORE_3 
(meters) 
BAZ-1 1614-1622 1810-1817 1832-1840 
IND-1 1819-1827     
MAC-1 2254-2262 2700-2708   
M-29D 1695-1703     
M-46 1770-1778     
M-47 1650-1658     
M-62 1581-1589     
M-1001 1881-1889 2059-2067   
S-1 2791-2799 2825-2833   
Table C.1 Core intervals in wells from the study area 
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Appendix D 
Production Database 
Well 
Name 
    Result        Shows 
(meters) 
Intervals 
(meters) 
Gas 
(mmcfd) 
Condensate 
(bpd) 
Water 
(bpd) 
A-1 Producer 1870, 2154, 2198, 
2231 
2280-2285 
2254-2258 
2149-2153 
1.6 
4.2 
3.2 
1.4 
41 
12 
0 
BAZ-1 Producer  1927-1938 
1826-1839 
1647-1655 
0.258 
2.939 
0.8 
216 
68 
48 
0 
EC-1 Producer 2085, 2235 2373-2406 
2333-2349 
2223-2248 
2.336 
1.723 
1.026 
36 
38 
-- 
0 
EM-1 Non 
Commercial 
 1579-1603 
1499-1548 
0.13 
0.361 
50 
5 
-- 
GAL-1 Producer 1801, 1831 1952-1956 3.1 149 0 
GALI-
1 
Producer 2047, 2248 2302-2305 3.7 108 24 
K-1 Producer 512, 2775, 2986, 
3214, 3455, 3555 
1303-1307* 
3553-3564 
3464-3479 
3450-3462 
4.41 
3.2 
7.407 
 
0 
2 
2 
 
MAC-1 Non 
Commercial 
2253, 2565, 2698 2920-2928 
2246-2255 
0.3 
0.8 
7 
32 
220 
48 
M-
1001 
Producer ---------------- 2020-2032 
2063-2072 
6 
28 
0 
0 
0 
0 
IND-1 Non 
Commercial 
 
---------------- 
 
--------------
--- 
 
------------ 
 
------------------ 
 
------------
------ 
S-1 Producer ---------------- 2823-2825 
2865-2872 
6.2 
3.4 
1.5 
2.0 
0 
0 
Table D.1 Production data from the last drilled wells in the Vicksburg trend 
in the BurgosBasin (Data from PEMEX, E & P, Reynosa, Tamps) 
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Table D.2 Production data for Vicksburg fields in the Burgos Basin (data from 
PEMEX, E & P, Reynosa, Tamps.) 
 
 
 
 
 
Field
Gas 
Reserves 
Original        Produced Total 
WELL
 
Producer
Original      Present 
Production 
      (Bcfd) 
Cuitláhuac               1077              124                   104              87                  68                         
6 90 
Lomitas                    49.6             46.9                      40             15                     4                                0.15 
Misión                      47.1              28.8                     40             22                     3                                3.00 
Tinta                        23.4               15.2                      7                5                     2                                0.05 
Polvareda                25.1               19.5                      6                2                     2                                2.70   
Pascualito                 91.8              59.3                    23              15                  10                                 1.80 
Pípila                         46.3              13.0                      7                6                    6                                 1.20  
Torrecillas                23.6                 9.1                   17               10                   4                                 0.50 
Gomeño                      0.8                0.5                      1                1                   0                                 0.00  
Truje                           5.8                0.3                      2                2                   0                                 0.00  
Indígena                    3.6               0.62                     4                3                    1                                 0.01 
Blanquita                    0.2               0.17                     4                1                   0                                  0.00      
Rio Bravo                   2.6                0.14                    4                 2                   0                                  0.00    
Total               1396.9       317.53           259         171           100                        66.31 
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